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PREFACE 


In the Fundamentals of Radio I have endeavored to give the 
basic theory of radio as it is exemplified in modern practice. Per- 
haps if the fundamentals were limited in number to two, they 
might be given as the resonant, or wave meter circuit and the three 
electrode-vacuum tube. This book will be found to be largely based 
on these two conceptions. An elementary knowledge of electricity 
such as that usually given in a first course in Physics is assumed. 
Although I have endeavored to give a non-mathematical treatment 
of the subject, some Calculus has been introduced in a few sections. 
These mathematical sections have been developed and explained 
in a way which I hope will be helpful to the non-mathematical 
reader. The text has been illustrated by a large number of dia- 
grams and pictures of radio apparatus. It has not been my purpose 
to illustrate all the modern circuits and ‘“‘hookups.”’ A few typical 
circuits are given to show how the fundamentals are applied in 
modern practice. 

I am indebted to Mr. Carl Dreher and Mr. John V. L. Hogan 
for helpful suggestions, to The General Radio Co.; Weston 
Electrical Instrument Co.; Leeds Northrup and Co.; Thordardson 
Electric Co.; Allen D. Cardwell Co.; Ceco Manufacturing Co.; 
Samson Electric Co.; The Electric Specialty Co.; Kodel Manu- 
facturing Co., and Q. S. T. for cuts and information; to The 
Western Electric Co., Federal Telegraph Co., Kolster Radio Cor- 
poration, National Carbon Co., Radio Corporation of America, 
The R. C. A. Photophone Co., Jensen Radio Manufacturing Co., 
Dubilier Condenser Co., Bell Telephone Laboratories, Jewell 
Electrical Co., The Radio Marine Corporation and the Radio 
Division, Dept. of Commerce for pictures, diagrams and informa- 
tion. 

R. R. RAMSEY 

September, 1926. 
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The FUNDAMENTALS of RADIO 
CHAPTER I 
ELECTRICITY, DIRECT CURRENT 


1. Introduction. The ancients at an early date noticed that 
certain substances such as amber, when rubbed had the property 
of attracting light objects. From these early experiments the study 
of static electricity originated. At a much later date it was dis- 
covered that electricity flowed through wires. From these experi- 
ments the study of current electricity developed. 

2. Static and Current Electricity the Same. At the present time 
it is customary to speak of static electricity and current electricity. 
The ELECTRICITY in static electricity and current electricity 
is the same thing. One, static electricity, is electricity at rest, and 
the other, current electricity, is electricity in motion. The laws of 
static electricity and current electricity are not the same. This is 
also true of liquids. The laws of hydrostatic pressure of water in 
tanks and standpipes are not obeyed by water when it is flowing 
through pipes. 

3. System of Units. From the study of static electricity and 
current electricity two systems of electrical units have developed, 
the Electro Static system and the Electro Magnetic system. 

4. Electrostatic System of Units. The electrostatic system of 
units is based on the definition of unit quantity. The unit quantity 
is that quantity which will repel a like quantity—like in kind and 
dimension—with a force of one dyne when the two are placed one 
centimeter apart. 

In radio about the only time we make use of the electrostatic 
system of units is in the calculation of the capacity of a condenser 
from the dimensions of the plates of the condenser. 

5. The Electromagnetic System. The electromagnetic system is 
based on the fact that there is a magnetic field about a wire in 
which a current of electricity is flowing. The unit current is that 
current which will exert a force of one dyne on a unit magnetic 
pole when the current flows in a unit arc. The unit arc in this case 
is supposed to be made of a wire one centimeter long bent in the 
form of the arc of a circle which has a radius of one centimeter. 
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Of course, current could not flow if we have the wire only. The 
wire may have two lead wires attached and placed as in Figure 1, 
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to conduct the current to and 
from the arc, or the wire can be 
bent into a circle of one centi- 
meter radius as in Figure 2, in 
which case the force on the unit 
pole at the center, or the field 
at the center, is 2m dynes, A 
more general statement is to say 
that the magnetic field, H, due 
to a current, d, is A= |lds/a@ 


cos 6, where ds isa short length of the current, /, in the wire. dis the 
distance of ds from the unit pole, or the point where the field is being 
calculated; 6 is the angle between ry and the 


normal to ds. 


The integral sign, /, means a 


summation of all the effects which all the ele- 
mental lengths, ds, of current, 7, produce. 
Figure 3 gives a general idea of the summation 


of effects. 


The expression H=Ids/d? cos 6 is perhaps 


the fundamental law of current electricity. 


FIGURE 2. 


6. What is Electricity? So far, electricity has 
not been defined. It is a standing joke that the only student who 


normal 
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knew what electricity is had 
forgotten just at the instant 
the professor asked him. Al- 
though it is not known just 
what electricity is, it is known 
what it will do in some cases. 
It is known that electricity is 
made up of small charges or 
quantities called electrons. 
These electrons move or flow 
through the wire in the direc- 
tion opposite to that in which 
the current is said to flow. 


7. The Electron. The analogy between electricity and a liquid 
is very close. The laws of static electricity are very analogous to 
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the laws of liquids at rest, and the laws of current electricity are 
much like those of liquids flowing through pipes. In electricity the 
thing that flows is the electron. The electron is a small negatively 
charged body whose mass is the one eighteen-hundredth (1/1800) 
part of the mass of the hydrogen atom, and whose charge, e, is 
e=4.774X 10-1 electrostatic units, or 15.91 10-1 coulombs. 

The current in a wire is a flow of these negatively charged elec- 
trons. Since they are negatively charged they flow in the opposite 
direction to the direction we say the current flows. In the early 
days it was realized that electricity was conducted by wires or 
that something flowed and it became necessary to guess the direc- 
tion of flow. There being two directions, the chances were even 
that the direction guessed would be the right direction. The guess 
was made that the current flowed through the wire from the copper 
terminal to the zinc terminal of a battery. It has turned out, since 
more is known about the flow of electricity, that the guess was 
wrong. However, we still use the old custom of saying that the 
current flows in a certain direction and then turn around and say 
that the electron flows in the opposite direction. This need not 
confuse us if we understand exactly what is meant. 

In the ordinary three electrode vacuum tube we have a case of 
electron flow from the hot filament to the plate, but we say the 
current flows from the positive terminal of the B battery to the 
plate and then to the filament. If the battery is reversed there is 
no flow, since the negative plate repels the electrons and they 
remain in the hot filament and there can be no current. 

A negatively charged body is one that has an excess of electrons. 
A positively charged body is one which has lost some electrons. 

Experiments made in the last two or three years have thrown 
some doubt on just what the electron is. So we may still say we 
do not know just what electricity or the electron is. For purposes 
of this book we can saythat current electricity is a flow of electrons. 

8. Magnetism. Before going very far with current electricity it 
will be necessary to speak of magnetism and magnetic substances. 
A magnetic substance is one that has the property of attracting 
other magnetic substances. Iron is the chief magnetic substance. 
Nickel and cobalt are the other two magnetic elements. Certain 
alloys made from a mixture of the non-magnetic elements are 
magnetic. Usually when speaking of magnets we mean iron 
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magnets. A magnet is a piece of iron or steel which has the property 
of attracting other iron bodies. 

9. Poles. The magnet has two poles. The north pole is the one 
which points north if the magnet is suspended so that it can turn 
freely. The south pole is the one which points south. North poles 
attract south poles and south poles attract north poles. Unlike 
poles attract. A north pole will repel other north poles and south 
poles will repel other south poles. Like poles repel. 

10. Law of Attraction. The law of attraction is that the force of 
attraction is proportional to the product of the pole strengths 
and inversely proportional to the square of the distance between, 
or, F=mm'/d* where m and m’ are the pole strengths of the two 
poles and d is the distance between the two poles. The unit pole 
is one which will repel a pole, like in sign and dimension, with a 
force of one dyne when placed one centimeter from it. In the above 
it is assumed that we have two free poles, north poles, say. A 
free pole is a fictitious pole, since we cannot break a north pole 
off the end of a magnet. When we break the north end off we find 
that the broken end of the piece is a south pole. If we take two 
long magnets we can have the magnets long enough so that the 
south poles are so far removed that for all practical purposes the 
north end is a free pole. 

11. Magnetic Moment. Magnetic moment of a magnet is the 
product of pole strength of the magnet times the length of the 
magnet, or the magnetic moment, M=wmil. 

12. Magnetic Field. The strength of the field of a magnet, or the 
field strength at a given point is numerically equal to the force 
which the magnet will exert on a unit pole if the unit pole is placed 
at the point in question. 

From the equation F=mm'/d?, we have the field, H=m/d?, m' 
being unity. From the above we get ¥=Hm’'. The force on a pole 
at P is equal to the field at P times the strength of pole which is at 
P. It will be noted that the field at any point P is, H=m/d?. This 
is true if there is or is not a pole at this point. We speak of the 
earth’s field as having such a value at a certain point. The nearest 
magnetic pole may be the pole of the earth near Hudson Bay. 

13. Magnetic Potential. The difference of magnetic potential 
between two points is numerically equal to the work done in 
moving a unit positive, north pole from one point to the other. 
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In Figure 4 let m be a free north pole, let A and B be the two 
points, between which the difference of potential is to be found. 
Let us assume that we carry a unit north pole from B to A. Work 
is the product of force 
times space. The force [o] 
at A is greater than the 


forcesatep. elt iseclear dy | 
that if we use the force rs d, 


at A the product of force 
times distance A B, or the 
work will be too large. If we use the value at B the work will be 
too small. We must use an average value of the force. Since the 
force varies as the inverse square of the distance we must use 
the geometric average or the square root of the product of the two. 
The force on the unit pole at A is m/d;*, that at B is m/d,?. 
The geometric average is \/m?/(di2d22). The space is d,—d:. The 
work is m(dg—d1)/dida. This is equal to Vi— Vo=m(1/di—1/d2), 
which is numerically equal to the difference of potential between 
the two points. If dis made equal to infinity or if the point B is 
at infinity, then 


FIGuRE 4. 
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14. Potential at a Point. Potential at a point is numerically 
equal to the work done in carrying a unit north pole from infinity 
to the point. In practice we do not measure potential at a point. 
We always measure the difference of potential between two 
points. When we speak of the potential of a point we mean the 
difference of potential between the potential at this point and the 
potential of some other object, usually the earth. The earth is for 
convenience assumed to be zero potential. In the same manner we 
speak of the elevation of a point as being so many feet. We usually 
mean so many feet above sea level. No one knows how high the 
sea is; its height is arbitrarily taken to be zero for convenience. 

Summing up the above we have: 

The field H about a free pole varies inversely as the square of the 
distance from the pole. The potential, V, varies inversely as the 
distance from the pole m. 
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Care must be taken in using the term potential to distinguish it 
from the work done in moving a unit pole. The unit of work is the 
erg. The unit of potential is not the erg. The potential is nu- 
merically equal to the work done if the pole is unity. 

15. Number of Lines from a Pole. 
Figure 5 represents a unit north 
pole, m, at the center of a sphere 
whose radius is one centimeter. On 
the surface of this sphere a second 
unit north pole, m’, is placed. The 
force on m’ is one dyne. The field 
at m’ is unity, or one line per square 
centimeter. The surface of the 
sphere is 47 square centimeters and 
since the field is uniform over the 
surface the total number of lines 
coming from the unit pole, m, is 4m lines. If the pole has a strength 
of 10, the number of lnes will be 4710. The number of lines 
of force from any pole is 47m where m is the pole strength. 

The direction of a line of force is out or away from a north pole 
and towards or into a south pole. Lines of force start from a north 
pole and end on a south pole. 

Figure 6 represents two actual 
north poles on the end of long mag- ~ 
nets. If the south poles are far 
enough away so that the force due a = 
to them can be neglected, the north he | 
poles can be considered to be free 
north poles. 

16. Electric Fields and Potentials. 
We have derived the magnetic field 
and the magnetic potential at a point and the number of lines 
of force from a magnetic pole. In electricity we can define the elec- 
tric field, and electric potential and the number of electric lines 
of force from a unit quantity in the same general manner. Thus a 
unit charge is that charge which will repel a like charge with a force 
of one dyne. Two points have unit difference of potential when 
it requires one erg of work to move a unit charge of electricity from 
one point to the other point. The unit of electric field at a point 
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is the field such that the force on a unit charge is one dyne if the 
unit charge is placed at the point. 

17. Practical System of Units. For most purposes electrical quan- 
tities are expressed in the practical system. The unit of current 
is the ampere. The ampere is one-tenth of the absolute E.M. unit. 
Ten amperes produce a field of one gauss at the center of the unit 
arc when flowing through it. 

The unit of quantity is the coulomb. The coulomb is the quan- 
tity of electricity which flows past a given point in a wire in one 
second when the current is one ampere. It is one-tenth of the 
absolute unit of quantity. 

18. Electromotive Force. Electromotive force is that in a battery 
or generator which tends to make the electricity move. The prac- 
tical unit of E.M.F. is the volt. This is 100 million (108) times the 
absolute unit of E.M.F. which is defined as that difference of 
potential between two points such that it will require 1 erg of work 
to move 1 unit of quantity (10 coulombs) of electricity from the 
point B of low potential to the point A of high potential. 

The volt can also be defined in terms of cutting lines of force. 
If a conductor moves through a magnetic field we say the lines of 
force are cut by the conductor. If we think of lines of force between 
two poles as invisible lines, bristles or whiskers sticking out of a 
north pole, then, when the conductor moves so as to pass 
through these lines, the E.M.F. induced in the conductor is 
numerically equal to the number of lines cut per second. To 
induce an E.M.F. of one volt, 10° lines must be cut per second. 

If the current flows of its own accord from the point A to the 
point B, 1 erg of energy will be given out by the current. If two 
points have a difference of potential or E.M.F. of 1 volt and 
1 ampere flows for 1 second, the energy given out is 10° 1/10=107 
ergs. 10’ ergs is 1 Joule. The Joule is the practical unit of energy 
or work. If the same current flows for 2 seconds, the energy is 
2 Joules. Joules = volts X amperes X seconds. 

Power is the rate of doing work, or the work done in 1 second by 
a current. The unit of power in the practical system is the watt. 
Watt =voltsxXamperes, or 1 watt=1 Joule per second; Energy, 
J=EIt; Power, W=EI; The kilowatt is 1000 watts. 

The unit of resistance, or the ohm, is defined in terms of the 
ratio of E to J, or R=E/I. Wire tables give the resistances of 
various sizes of wires. 
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19. Ohm’s Law. Ohm’s Law states that there is a definite rela- 
tion between current, E.M.F. and resistance. It is usually written 
P=E/R; R=EH/I or E=I RZ Where! is thercurrent inyamperes, 
E is the E.M.F. in volts and R is the resistance in ohms. Amperes 
equals the total E.M.F. in volts divided by the total resistance in 
ohms. In the above form it is applied to the entire circuit, E 
standing for the E.M.F., or that, in the battery or generator which 
causes the current to flow. 

f 7 : 20. Potential Difference and 
a EA Electromotive Force. If we re- 
serve the word ‘electromotive 
force’ to apply to that which 
in a cell or generator causes 
electricity to flow, then there is 
no E.M.F. in a resistance. 
Ficure 7. There may be a Pd. between the 
terminals. Thus there is a Pd. 
between the terminals a and 0 of the resistance box R, although 
there is nothing in the box itself which causes electricity to move. 
There is no E.M.F. in the resistance box. There is a Pd. between a 
and 6 due to the fact that it is connected to a battery which has 
an E.M.F. 

Ohm’s Law will apply to the resistance between a and 0, 
I =Pd.cs/Ra. The current, J», through the resistance R in this 
case, is also the current through the cell. 

Vibes E E 


Ris Paerceree Re toe 


R, 


— } ~ 


where 7, 72, R and R, are the resistance as 
marked in Figure 7. 

The Pd. at the terminals of a cell equals 
the E.M.F. if there is no current flowing 
through the cell If there is a current 
flowing, the Pd. is less than the E.M.F. 
unless the cell has no resistance. 

In Figure 8 where a cell is connected to 
a resistance RK, we have, Pd..=IJR, also 
Pd..=H—In, where E=the E.M.F. and 
7m is the resistance of the cell. The total Pd or fall of potential 


FIGuRE 8. 
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around the circuit is equal to the E.M.F. Thus Pd..,=/R=E—In, 
then E=JR+In,=I(R+n). The E.M.F., E£, is equal to the cur- 
rent times the total re- 

sistance of the circuit. ®% IVNAVANA Veco 
Pd. is current times 

the resistance between 
the points a and 6 if 


d 


there is no E.M.F. be- iF 
tween these points. 
Plan Slike 1S 2 wiser FIGURE 9. 


form of Ohm’s Law. 

21. Resistances in Series. If two or more resistances are con- 
nected in series as in Figure 9, then the total Pd. is equal to the 
sum of the separate Pd’s. 

Pd=Pd,+Pd.+ Pda3+ - - - 


But Pd=IR 
2G Shiga 
Pdy=Tore 
Pd3=T1ar3 


But ellis 
Then JR=[yn+TLoret+T1sr3 - - - 
and Remntrtrt sss. 

22. Resistance in Parallel. If 
the resistances are connected in 
parallel as in Figure 10, then 

IAW hie yt Oo ee 
(i= th SIP = IU 

Then since [= Pd/R 


ed Owe asd. 
=== + 


R ry re 13 
| t and then, 
| 1 1 1 1 
FicureE 10. R a pa a 


since all the Pd’s are equal. If there are two resistances in parallel, 
then R=nre2/n+re. 

If two resistances are placed in parallel the resultant resis- 
tance is less than the smaller of the two. Example, 100 ohms 
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and 1 ohmare placed in parallel, then R= 100 1/100-++1=100/101 
= .9909 ohms. 

The resultant resistance is a little less than the smaller of the two. 
If a big resistance is in parallel with a small resistance the result 
is almost as large as the smaller. 

23. Instruments. Any good text book on Electricity will give a 
description of the mechanism of some of the various types of gal- 
vanometers, ammeters, voltmeters, and other instruments. 

24. The Galvanometer. The galvanometer is an instrument con- 
sisting either of a small compass needle swinging at the center 
of a coil of wire or of a small coil of wire swinging between the 
poles of a horseshoe magnet. The deflection depends upon the 
current. In most of the swinging coil type (D’Arsonval) gal- 
vanometers the deflection is 
approximately proportional to 
the current. That is, when the 
current is doubled or trebled the 
deflection is doubled or trebled. 
Current can be measured by 
comparing the deflection pro- 
duced by that current to that 
produced by a known current. 

25. The Voltmeter. The volt- 
meter is a portable D’Arsonval 
galvanometer with a resistance 

Ficure 11. in series sovthateleunithotmrd. 

1 volt or 1 millivolt will give 

one unit of deflection. 10, or any number of units of Pd will 

give a deflection of 10 or a deflection numerically equal to the Pd 
placed on the terminals. 

Any sensitive galvanometer can be made into a direct reading 
voltmeter by placing the proper resistance in series with the 
galvanometer. 

The assumption usually made is that the E.M.F. of a battery, 
is equal to the reading of the voltmeter. This is usually 
true, approximately. It is true if the resistance of the battery 
is small compared to the resistance of the voltmeter. J =Pd/Ry = 
E/Ry+Rz. Pd is equal to E if Ry=Ry+Rz. Thus if the battery 
resistance Rg=1 ohm and the voltmeter resistance Ry = 1000 ohms, 
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Ry = Ry + Kz to within 1 part ina thousand. Then Pd= E towithin 
0.1%. 

The current through a voltmeter is very small and usually is 
assumed to be zero. Weston Model I voltmeters take about 10 
milliamperes for full scale deflections. Figure 11 is a picture of 
a Weston Model I Voltmeter. 

26. The Ammeter. The ammeter isa portable 
galvanometer witha shunt across the terminals. 
This shunt is a strip of metal whose resistance 
is small. Any galvanometer can be made into 
a direct reading ammeter. Assume that our 
galvanometer has the proper resistance in serie$ 
to make it into a direct reading millivoltmeter. 5 
If the shunt Figure 12 has a resistance of 1/1000 
ohm, and the current through the shunt is 
1 ampere, the Pd at the terminals is 1 millivolt, |, e 
since Pd=/R and the galvanometer will give a 
deflection of 1 division. Figure 13 shows the 
moving parts of an ammeter or voltmeter. 

The resistance of an ammeter should be small, since it is usually 
assumed to be zero. 


FicureE 12. 


Ficure 13. The galvanometer or moving parts of a Jewell ammeter. 


27. Field about a Magnet. In a magnet we have two poles to 
consider. These poles are of equal strength and are at the ends of 
the magnet. The distance between the poles is /, the length of 
the magnet. 
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In Figure 14 let VS be the magnet 
See | with pole strength m. The field at the 
l | p point P which is at a distance d from 
- Pe the center, is the force on a unit north 

Ficurs 14. pole considered to be at P. The force 

due to the north pole is, m/(d—3 1)’. 

The force due to the south pole is —m/(d+4/)?. This is negative, 
since attraction is always a negative force. The field is the alge- 
braic sum of these two forces. 


m m ( ee) 
=m 
(d—3l)? (d+31)? (d—31)*(d+3l)? 


squaring the two parts of the numerator and adding, we have 
m2dl/(d?—4il?)?. Since the magnetic moment, M, of a magnet 
is the pole strength times the length of the magnet or m!/=M, then 
H=2Md/(d?—(7l")?. If the distance d is great compared to the 
length /, then considering / to be zero, we have H=2Md/d' 
=2M/d*. The field “end on” to a short magnet varies inversely 
as the cube of the distance. This ‘‘end on” position is sometimes 
called the first position of Gauss. 

28. Potential at P “end on.” The potential at P can be found 
in the same general manner. The potential “end on”’ will be since 


m m 
feat tr Eg) (aa 
(d—3!) (d+ 3!) 
ml M M 


ee ae 


when d is great. 

It is of interest to note that the negative of 
the space derivative of the potential is equal to 
the field. Writing V=M/x?, then —dV/dx= 
+2M/x=H. The negative sign is due to the 
fact that the potential diminishes as the dis- 
tance x increases. 

29. Field at P “broadside on.”’ If the point P is on a line perpen- 
dicular to the magnet, if P is broadside on, then we have the field 
or the force on the unit north pole as indicated in Figure 15. The 
force due to the north pole will be along the line Pa, and equal to 


Ficure 15. 


THE FUNDAMENTALS OF RapIo 13 


m/(d?+4l*). The force due to the south pole will be along the 
line Pb, and the value will be m/(d?+4/%). Let the values be re- 
presented by the length of Pa and Pd. The resultant field will 
besthel vector 2c Peis equal to 2a sin @. 


oe 2m 41 ml M 
(P4+aP) V(P+WP) +E (@L EP) 


If /is small in comparison with d, then, H = M/d’. 

30. Potential “broadside on.’’ The potential at P is found in the 
same general way except that potential is a scalar quantity and 
since the potential at P due to the north pole is positive and the 
potential due to the south pole has the same numerical value but 
is negative, when added their sum is zero. It can be shown that 
although the potential is zero the space derivative of the potential 
with respect to the direction perpendicular to d is not zero but equal 
to the field, H=M/d?. 

31. Field Due to a Coil. If we apply the general equation 
H =Ids/d? cos 6 to a coil of radius 7, Figure 2, we get H=2zI/r, 
cos 6 being unity and d being constant and equal to r. 

If we apply this 
equation to get the 
value of the field at P P 
a point P, Figure 16, XE bo Sal = 
at a distance « from 
the center and on the 
normal to the plane of ea il. 
the coil at the center, 
we find that the field along the normal to the coil is H=2zrI/ 
(72+?) sin 6. Sincesin0=7/V/r+2"). Then H = 29971 /(r?+2?)3?, 
and H =21A/(r?+x?)3/? where A =r’. 

If the distance x is great compared to the radius of the coil, then 
H=2IA/x>. We see that this equation is the same form as 
H =2M/x' for a short magnet. 

If we let JA = M, the magnetic moment, and let / =ad where 
ais the magnetic moment per square centimeter, we have 

H=2aA/x3. The field due to a current in a coil is the same as 
that of a thin magnet whose cross section is the same as the area 
of the coil. The current in the coil is here considered to be times 
the current in one turn when the coil has » turns. 
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If the coil is considered to be a magnetic shell whose magnetic 
moment, M=JA we have the field in the plane of the coil to be 
B= Mie a= TAye: 

The field in the plane of the coil is one-half of the field perpen- 
dicular to the plane. The fields have the same ratio, as they do 
in the case of a short magnet. 

32. Lines of Force. When speaking of magnetic fields, it is custom- 
ary to speak of lines of force. When H equals unity we say there is 
one line of force per square centimeter. There is one line of force 
between the unit poles when they are placed one centimeter apart. 
The unit of field intensity is the gauss. The number of lines of 
force per square centimeter is so many gauss per square centimeter. 
It is usual to express magnetic field intensity in absolute electro- 
magnetic units. The gauss is a unit in the absolute system. 

33. Field im a Long 
Coil. Suppose we have a 
long coil or solenoid, 
Figure 17. This coil is 
supposed to be infinitely 
long, or at least long 
enough so there will be no 
effect due to the ends of 

Froure 17. the coil. If we have a free 
north pole, m at the point 
A, and move it to the point B, with the field H, which will be uni- 
form if the coil is long, then the force on the pole m is F=Hm 
and the work done will be W=Hms where s is the space between 
the points A and B. If the pole is moved with the field H, there 
will be an induced E.M.F. in the coil which will be in the direction 
to oppose the current in the coil. Since we have supposed the 
field, H, to be constant we must suppose the current flowing in the 
coil must be constant. In order to keep the current constant we 
will suppose that we have a variable battery whose E.M.F. is e, 
in series with the regular battery E. It is supposed that we can 
vary the E.M.F., e, from zero to any value we please in order 
to keep the current, J constant. Thus the battery E.M.F., e, 
will be just equal and opposite to the induced E.M.F. 

When the pole is at rest the work W = EJt=I?Rt. When the pole 

is moving the work delivered by the batteries is W+w=(E+e)/¢ 
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=I*Ri+el. Since /*R¢ is constant the work done by the moving 
pole, m, is equal to theenergy delivered by the battery, e,is Hms = elt. 
Since e is also equal to the induced E.M.F. caused by moving 
the magnet, e=dN/dt, or the rate of cutting lines of force. 
Then elt=1[3(dN/dt)dt=IN where JW is the number of lines 
of force cut while the pole m, is moved from the point A, to the 
point B. 

Then NV =4rmmns where n is the number of turns of wire per 
centimeter length of the coil, the number of lines from m being 
4am. Yhen, Hms=4rmnsI. Cancelling out m and s we have 
H=4rnlI. This is often written H=4rnJ/10/. In this case, n, 
is the total number of turns on the coil, / is the length of the coil, 
and J is the current in amperes. 

34. Permeability and Magnetic Induction. If we have a long 
solenoid or a solenoid bent so the two ends are together so as to 
form a toroidal coil we have a field in the coil, H=4rnJ/10/. This 
is the number of lines per square centimeter when the core is 
filled with air. If the core is filled with iron then the number of 
lines per square centimeter, or the magnetic induction, B is 
B=wuH, where pw is called the permeability. Thus the permeability, 
qm, is the ratio of the number of lines of force when the space is 
filled with iron, to the number of lines when the space is filled 
with air, or w= B/H. 

35. Flux Through an Iron Core. The total flux through an iron 
cored solenoid is the induction times the cross section of the iron. 
Flux=yHO where Lis the cross section. 


Flux =y4rnIZ/10/. 
4an(I/10) MMF 
— W/us«Reluctance 


Flux 


MMF stands for magnetomotive force or that which causes 
“magnetism to flow.”’ The similarity to Ohm’s law will be noted. 

The term 2 in the above formula stands for the total number of 
turns of wire in the coil. If the coil is an air core coil the winding 
must be uniformly distributed along the length of the coil. If 
the coil is an iron core coil, such as an ordinary transformer where 
the flux follows the iron path, it does not make much difference 
whether the turns are bunched or uniformly distributed. 
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36. Direct Current Machines. It is beyond the scope of this - 
work to go into the details of construction of D.C. machinery. 
The shunt motor and generator are the most common type D.C. 
machines with which one dealing with radio will come in 
contact. The armatures of most modern machines are closed coil 
drum windings. The normal voltage, speed, and maximum load 
of the machine are given on the name plate. 

It has become customary to use small machines to furnish the 
plate potential for power tubes used in radio transmitters and radio 
telephones. 

37. Motor Used as Generators. A D.C. motor can be used as a 
generator, since the general construction is the same in each. 
Most small D.C. motors are designed for 110, 220, or 500 volts. 
The voltage of any machine depends upon the speed and the 
strength of the field. By increasing the speed the voltage can be 
raised. The shunt field windings are designed to have the required 
resistance to give the normal field current when connected to the 
rated voltage of the machine. If the armature is speeded up until 
the voltage is increased to twice the normal voltage the shunt field 
current will be excessive and there is danger of burning the field 
windings. Insert resistance in series with the field until the current 
in the field coil is the normal field current. The armature current 
when supplying tubes, will usually be very small. The danger with 
the armature is that it may not mechanically stand the high speed 
and that the insulation is not good enough for the increased 
voltage. Perhaps as a general rule a machine may be speeded 
until the voltage is double the rated voltage. In selecting a 
machine, select one whose rated speed is rather low and one in 
which the mechanical balance of the machine is good. 

A Reliance variable speed motor, makes a good variable voltage 
generator. A 110 volt machine designed for ten to one speed 
variation will give a ten to one voltage variation when used as a 
generator. The voltage on a 110 volt machine has been run up 
to 1000 volts, but it has never been run regularly at that voltage. 
These machines are made with an armature which is slightly 
conical and the armature can be pushed endwise in and out of the 
magnetic field of the poles. As the armature moves out, the air 
gap increases and thus the flux decreases, causing the voltage 
to diminish, the speed remaining constant all the time. The field 
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is excited from an outside 110 volt source. The machine is very 
satisfactory at 350 to 500 volts. 

38. High Potential Generators. Generators are now made to 
give high voltage for the plate supply of power vacuum tubes. 
These generators are usually connected directly to the motor. The 
type and kind of motor used depends on the local power supply. 
The motor is usually an A.C. motor, 110 or 220 volt. Often a low 
potential genérator is connected to the same shaft of the motor. 
These generators are used to furnish current for the filaments of 
the tubes and to supply the field current for the high potential 
generator. 

Figure 18 is a picture of a high potential generator made by the 
Electric Specialty Co. 


Ficure 18. 


39, Rules for Starting and Running a Dynamo Generator. See 
that the connections are made so as to let the machine generate. 

If the windings are covered so that directions cannot be made 
out, connect up series or shunt coil alone, and connect the volt- 
meter to brush terminals. Start the machine slowly and if the con- 
nections are made properly the voltmeter should show an in- 
creased potential with an increase in speed. If the voltmeter moves 
up, then drops back to zero, the field connections should be re- 
versed. If the machine is compound, use the shunt coil first, then 
the series. 

Although the machine may be connected up right it may not 
generate. The fields may not have a residual magnetism. The 
brushes may not make good contact. The angle of lead may not 
be right. Some connection may be poor. 
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After the machine is started the brushes should be adjusted until 
there is no visible sparking. ‘The brushes are set in the right 
position, or the angle of lead is right, when the voltmeter shows the 
maximum voltage. If the machine is a high potential machine the 
adjustment must be made when the machine is not running. 
Adjust, start machine, test, stop, adjust and start again. 

Before starting, the brushes should be set exactly opposite (on 
two pole machines). This is best determined by counting seg- 
ments on the commutator. Determine polarity of poles and 
armature by means of a compass. 


CHAPTERSII 
BATTERIES 


40. Electrolytic Cell. A cell is a device which gives an electro- 
motive force due to chemical action. A number of these devices 
together is known as a battery. We speak of a battery of 10 
cells. A cell of a primary battery consists of two pieces of two 
substances (electrodes) dipping in an electrolyte contained in a 
glass, porcelain or rubber jar. The electrolyte is a solution of an 
acid or of some salt. In all commercial primary cells one of the 
electrodes is always zinc and the other is usually copper or carbon. 
The E.M.F. of the cell is due to the fact that the zinc tends to 
dissolve into the electrolyte. The chemical potential energy of the 
zinc is changed into electrical energy. 

There are a great many different kinds of primary batteries. 
The two in most general use are the gravity battery and the dry 
battery. 

41. Gravity Cell. The gravity, crowfoot, or blue stone battery 
gives a constant E.M.F. and does not polarize. It is at its best 
when used all the time. It consists of a glass jar with a copper 
electrode made of thin sheet copper at the bottom and a zinc elec- 
trode hung at the top of the jar. The zinc is cast so as to resemble 
a crow’s foot. The copper is surrounded with a solution of copper 
sulphate (blue stone) and the zinc is supposed to be surrounded 
with a solution of zinc sulphate. The copper sulphate solution is 
heavier than the zinc sulphate solution. It is assumed that the 
weight of copper sulphate solution will keep it at the bottom. Or 
gravity is supposed to keep the two solutions separated. Hence 
the name gravity cell. The two solutions will mix, due to diffusion, 
so it is necessary to keep a small current flowing through the cell 
so as to allow the zinc to dissolve and thus furnish a new supply 
of zinc sulphate around the zinc. In making up the cell the copper 
is placed in the bottom and the jar filled about half full of copper 
sulphate crystals, the zinc is placed in its position and then the jar 
is filled with water to cover the zinc, and the two terminals are 
connected or short circuited for a few hours. In this way the zinc 
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is surrounded with zinc sulphate which is formed by the dissolving 
of the zinc. 

When in good condition the E.M.F. is 1.08 volts, and the 
internal resistance is usually 2 to 5 ohms. Due to the high in- 
ternal resistance, the battery is not used where a large current 
is wanted. The gravity cell is useful for most laboratory measure- 
ments where a constant E.M.F. is desired and in places where the 
external resistance is high, as in telegraph lines. When not in use 
the battery should be connected to about 50 ohms per cell so that 
the current through the cell is about .02 ampere. This keeps a 
fresh supply of zinc sulphate around the zinc. It will be noted that 
the zinc is being dissolved and the useful life of the cell is being 
shortened by this process. 

When the current flows through the cell the zinc is dissolved 
into zinc sulphate and the metallic copper is deposited out of the 
copper sulphate onto the copper electrode. If the current is 
forced backward through the cell the copper electrode will be 
dissolved and the zinc electrode should be plated with zinc. Thus 
it should seem that the battery should be restored by this process. 
In practice it is found that the zinc deposited will not stick to the 
zinc electrode and in a short time all the pure zinc sulphate 
near the zinc will be used up and copper will be deposited onto the 
zinc. If this restoring process could be carried out we would have 
a storage battery. 

42. Dry Cells. The dry cell is a form of Leclanche, or sal- 
ammoniac cell. The cell is dry in the sense that the electrolyte 
will not spill out when turned over. The electrolyte is usually held 
by some porous substance such as saw dust, sand, or blotting paper. 
The materials used differ in the different brands of cells. The elec- 
trodes consist of a carbon rod and sheet zinc. The sheet zinc is used 
to make the container for the cell. The carbon rod is surrounded 
with a mass of ground carbon and oxide of manganese. The 
manganese serves as a depolarizer as it absorbs the hydrogen gas 
which is freed at the carbon electrode. 

The exact mixture of the electrolyte and details of structure are 
secrets of the manufacturer. 

The process of manufacture differs according to the size and the 
purpose for which the cell is designed. If one takes an old cell 
and saws it in two with a hack saw, one can see the general manner 
of construction. 
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Dry cells are made in various sizes and shapes. The most com- 
mon sizes are the No. 6 cell, which means it is 6 inches high, and 
the small cells used in B batteries. 

43. Ammeter Test. It has become the general practice in America 
to test dry cells by short circuiting them through an ammeter. 
This in reality is a test for the internal resistance of the cell. Due 
to this common practice of testing, some manufacturers have 
decreased the internal resistance of the cell at the expense of 
useful life of the cell. A cell that will show 30 amperes in short 
circuit when new may not last as long as one that shows 20 
amperes when new. 

The E.M.F. of a dry cell is about 1.5 volts when new. As a 
general thing the E.M.F. of a cell remains near that point through- 
out its life. Old cells show a high internal resistance. The re- 
sistance of the cell may be so high that an ordinary voltmeter 
will read a few tenths of a volt. When the same cell is measured 
by a potentiometer it will show as high as 1.3 volts. This means 
that the internal resistance of the cell is several times the resistance 
of the voltmeter. 

The ammeter method of testing cells is useful in detecting cells 
that have lost their usefulness as a source of current. For example 
in the case where dry cells are used as, A batteries or are used to 
run induction coils. It should be noted that short circuiting a cell 
shortens its life. The connection should be made for a short time 
only. 

This test is useful to locate cells which have become exhausted 
or dried out. Connect the cell to a dead-beat ammeter whose 
internal resistance is .01 ohms. The maximum deflection is taken 
as the reading. New cells should give 20 to 30 amperes. Used 
cells will give lower values. When they show as low as 1 or 2 
amperes they should be discarded. 1 ampere means that the 
internal resistance of the cell is about 1.5 ohms. Whether this 
resistance is detrimental depends upon the resistance of the cir- 
cuit to which it is connected. When the internal resistance of the 
battery is equal to the external resistance of the circuit, half of the 
energy of the battery is used in the battery. If the battery is not 
working well, replace the cells which show the lowest current— 
i.e., the highest resistance. 
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Small dry cells are used in radio work for plate potential or 
B batteries. Small cells such as originally were used for flash light 
batteries are used in B batteries. 

In these B battery cells, what is wanted is an E.M.F. and little 
current. Five milliamperes is the usual amount of current through 
the plate circuit of a single tube. Since the tube and the telephone 
or coils have high resistance, the resistance of the cell is not so 
much a factor as in the larger cells. In circuits using several ordi- 
nary tubes and one or more power tubes, the current may be as 
much as 50 milliamperes, and larger B batteries made of larger 
cells are needed. 

The internal resistance of a B battery cell can be measured as in 
the case of large cells. This is usually not necessary. The essential 
of a B battery is that its E.M.F. be high and that the cell is not 
noisy. 

44. Voltmeter Test. Use a voltmeter to test the E.M.F. of the B 
battery. If a 22} volt cell reads from 15 to 223 volts it may be 
considered to be in fair condition. Connect a high resistance tele- 
phone head-set across the battery, care being taken to have good 
connections. There should be no sound in the telephone except the 
click made when the connection is made and broken. The loudness 
of this click on making contact can be taken as an indication of 
voltage of the battery. If a new battery is at hand, a comparison 
of the click made by the new battery to that of the old will give 
an indication of the E.M.F. of the old battery. 

If there is a rattle or popping in the telephone when the con- 
‘nections are good the battery is noisy and the poor cell or cells 
must be removed. This popping sound is caused by a poor 
connection which makes the current intermittent. The trouble 
may be a poorly soldered joint or it may be inside the cell, due 
probably to the material of the cell becoming dry and making the 
conduction uncertain. Measure each individual cell or flash light 
battery. The cell whose E.M.F. as measured with the voltmeter, 
is 25% or less than the normal voltage, is usually the one which 
causes the noise in the battery. Remove or short circuit this cell 
or flash battery. With the modern B battery this is impracticable. 
If the sealing wax is removed with care the bad cell can be located, 
but from a financial point of view this will not pay. Discard the 
battery and get a new one. 
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45. Storage Batteries. The lead storage battery consists of two 
sets of grids or plates separated by spreaders, generally of wood, 
placed in a sulphuric acid solution. The positive grid is pasted 
with lead peroxide and the negative grid is of lead ina finely divided 
state, or spongy lead. When discharging, the chemical action is 
such as to tend to make both plates of the same chemical composi- 
tion. When the cell is charged the two grids are restored to the 
original chemical condition. It is not electricity which is stored. It 
is energy which is stored in a chemical Form. Figure 1 is a picture 
of a storage battery in a glass case. 


FIGURE 1. 


The E.M.F. of a lead storage cell is 2.3 volts when fully charged, 
and 1.8 volts when discharged. The average E.M.F. is 2 volts. 
The internal resistance is very low. The storage battery is used 
where relatively high currents are wanted through small external 
resistances. 

The storage battery is at its best when it is used every day,— 
discharged and charged several times each week. If a storage 
cell which has been discharged to 1.8 volts is charged, the E.M.F. 
rises rapidly to about 2 volts and remains constant until it is 
nearly fully charged and then rises rapidly to 2.5 volts. Thusa 
voltmeter reading will tell when the cell is fully charged or dis- 
charged, but will not tell the state of charge at intermediate times. 

The density of the sulphuric acid increases continuously during 
charge and decreases during discharge. It is customary to use a 
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hydrometer to measure the density of the acid and thus determine 
the state of charge of the cell. Thus in a cell whose acid density 
at full charge is 1.285 and at discharge is 1.17 is about one-half 
charged when the hydrometer reads 1.225. 

The density of the acid varies in different makes of cells. Some 
cells have a density as low as 1.210, but the tendency in the past 
years has been to raise the density of the acid, some makers using 
as high as 1.300 for the density of the acid when the cell is fully 
charged. It will be seen that the hydrometer does not tell the 
state of charge of a cell unless the type or make of cell is known 
to the tester. The usual variation of density between discharge 
and full charge is about .110, or from 1.100 to 1.210 or 1.170 to 
ANS, 

A storage battery should be charged at the normal rate as indi- 
cated on the name plate of the battery until hydrogen gas is 
liberated freely in the electrolyte, and then the amperage should 
be cut to about one-third of the original and then charged until 
the cell gases freely. Measure the density of the acid under this 
condition and you have the full charge density. 

The addition of strong acid will not charge the cell. 

A storage battery should never be allowed to stand for any 
length of time while discharged. A cell not in use should be charged 
once every two weeks. 

46. To Charge a Stor- 
age Battery. Usea D.C. 


E a5 circuit or a rectifier on 

NC, Cieewit, Wine 

E.M.F. of the charging 

eae _ se circuit must be greater 


than that of the battery 
at full charge. A regu- 
lating resistance must 


+ aa be placed in series with 

[> as the battery. For small 

FIGURE 2. batteries charged from 

D.C. lighting circuits a 

bank of lamps makes a good regulating resistance. Figure 2 shows 

the connection to a D.C. lighting circuit in which lamps are used 
as the regulating resistance. 
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To determine the polarity of the terminals of the charging cir- 
cuit, connect the positive of the circuit to the positive of the 
battery and the negative to negative, the cells being connected 
in series, of course. 

When the battery to be charged is 6 volts and the charging 
circuit is 110 or 32 volts, the polarity can be determined by 
connecting a single lamp in series and closing the switch. Note the 
brightness of the lamp. Reverse the battery and connect again. 
The proper connection is when the lamp is the dimmest. 

Another method is to connect two 
wires to the charging circuit, a lamp or 
other suitable resistance being placed 
in series, and dip the ends of the copper 
wires into a glass of water, Figure 3. 
Bubbles of gas will appear at the wire 
connected to the negative terminal of 
the charging circuit. The water will 
become blue at the wire connected to 
the positive terminal of the charging 
circuit. A voltmeter with wet paper 
resistance, or an ammeter with high resistances in series can be 
used to determine the polarity of the circuit. 

When charging a battery, regulate the current by means of the 
lamps or resistance until the current is the value recommended 
on the name plate on the battery. The battery may be charged 
at a lower rate than the rate recommended, but never at a higher 
rate. It will take longer to charge at the low rate than at the high 
rate. The charging rate of a battery should not be so great that 
the temperature of the cell rises appreciably. For a “‘Ford”’ battery 
the charging rate is from 5 to 10 amperes. The battery is fully 
charged when it gases freely with a small ampere rate of charge. 
The plates should be evenly covered with the solution. Fill 
with pure distilled water to the proper depth. Any impurity 
such as iron is detrimental to the cell. Keep the distilled water 
and acid in covered glass containers. Use a glass rod as a stirrer. 
Never let the water or acid come in contact with wood. Sometimes 
one sees the statement that the water of a certain city is so pure 
that garages use this water instead of distilled water for refilling 
batteries. This may be good advertising for the city but is very 


FIGURE 3. 
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poor advertising for the garages. If the old flivver will still puff 
drive on. 

If a discharged cell whose E.M.F. is 1.8 volts is connected 
to a charging circuit and charged at the rate recommended by the 
name plate, the voltage and hydrometer reading as read from hour 
to hour until the cell is gassing freely, will be shown by the curve 
marked density as in Figure 4. The voltage rises rapidly and 
remains almost constant until fully charged and then rapidly rises 
as indicated. The density changes gradually until fully charged. 

If several cells are to be charged 

7; at the same time, connect the cells 

in series, i.e., positive of one to the 

712 negative of the next, until all the 

cells are connected. Figures 2: 

J4; The sum of the E.M.F.’s of all the 

cells must not be more than the 

E.M.F. of the charging circuit. On 

a 110 volt circuit the E.M.F. of 

Time the series group should not be more 

Ficure 4. than 100 volts. Ona 32 volt circuit 

it should not be more than 25 volts. 

The batteries as connected are now placed on the charging circuit 

with the resistance in series and the current regulated. The charg- 

ing rate must not be more than that of the smallest battery 
connected. 

Very low or small charging rates tend to spoil the battery. 
Trickle chargers, in which the battery is charged continuously 
at a very slow rate, shortens the life of the battery. 

An automatic device to turn the cell onto the charging circuit 
when nearly discharged, and then charge at a relatively high rate 
and then disconnect when fully charged, is ideal but all auto- 
matic devices must be watched. 

47. Connection of Cells. Cells 
are connected in series, in multiple, A - 
or in multiple series. In series con- aan I+ ta = po 
nection the positive terminal of 
one cell is connected to the nega- 
tive terminal of the next, the posi- 
tive terminal of cell No. 2 is connected to the negative of cell No. 3, 
etc:, Figure 5. 


Voltage 


FIGureE 5. 
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The E.M.F. of a number of cells in series is the sum of the 
separate cells. Or E=ne if all the cells are alike. The resistance 
is the sum of the separate resistances, or R=nr. 

In connecting in multiple, or parallel connection, all the positive 
terminals are connected together and all the negative terminals 
are connected together, Figure 6. The E.M.F. is the same as that 
of one cell, and the resistance is the re- 
sistance of one cell divided by the number 
of cells, R=r/n. Unlike cells should never 
be connected in multiple. In multiple 
series a certain number of cells, m, + = 
are connected in multiple. This is re- 
peated until we have s groups of the 


multiple connections and these groups | 
are connected in series. The total number 
of cells then will be mms, Figure 7. FicurE 6. 


The E.M.F. of the battery will be s 
times the E.M.F. of one cell. The resistance of the battery, 
R=rs/m. The same thing can be obtained by connecting the cells 
into m groups of s cells in series in 
each group and then connecting 
the m groups in multiple, Figure 8. 
a = 48. Combination of Cells for Maxi- 
mum Current. If we have WN cells 
all alike and we wish to connect 
them in multiple-series in such a 
FicurE 7. manner to get the maximum current 
from the battery through an ex- 
ternal resistance R, we can proceed as follows: Let us connect 
the cells into m groups, each group having s cells in series. Then 
connect these m groups in multiple. Then 


the number of cells V=ms. The E.M.F. 
is se where é, is the E.M.F. of a single | 
cell. se — 
The resistance of the battery is sr/m | 
where + is the resistance of a single cell. | 


Then the current 


T=se/(sr/m+R) =e/(r/m+R/s). Ficure 8. 


28 THE FUNDAMENTALS OF RADIO 


The current will be the greatest when the denominator is the least. 
The product of these two quantities is rR/ms=rR/WN all these 
terms being constant, the product is constant. If the product of 
two quantities is constant the sum of the two is least when they 
are equal. Then r/m=R/s or sr/m=R. But sr/m is the internal 
resistance of the battery, therefore the current is the greatest 
when the cells are connected so as to make the internal resistance 
equal to the external. 

Since the power delivered to the load, whose resistance is R, 
is [?R, the power is the greatest when the internal and external 
resistances are equal. It can also be shown by means of calculus 
that the power delivered by a battery of E.M.F., H, and resistance, 
ry, to an external resistance, R, isa maximum when RK is made equal 
to the resistance of the battery. This paragraph is inserted because 
it has a bearing on the matching of impedance or loads. In general, 
for quality of tone the output and the input of the amplifier and 
loud speaker must be matched. This will be discussed in Chapter 
28. 


CHAPTER III 
MEASUREMENT OF RESISTANCE 


49. General Statements. There are several methods of measuring 
resistance which are given in any good physics laboratory manual. 
Two methods will be described here as being the most important 
for use in radio measurements. 

50. Ammeter-Voltmeter Method. This consists of measuring 
the current through the resistance with an ammeter and the Pd 
around the resistance with a voltmeter, and solving for the re- 
sistance by means of Ohm’s Law R=Pd/J. This method is useful 
in measuring resistance which will carry relatively large currents 
and have resistances from about 0.1 ohm to 1000 ohms. The re- 
sistance of lamps, large rheostats, armatures, and fields of motors 
and generators can usually be conveniently measured by means 
of this method. Small coils such as coils in ordinary resistance 
boxes, should not be measured by this method, as there is danger 
of sending too much current through the coils and burning them 
out. 

The assumptions made in these 
measurements are that the am- 
meter has zero resistance and that R ie R 
the current through the voltmeter ney Lt a b 
is zero. These assumptions are 
only approximately true. In 
measuring a small resistance such 
as the resistance of an armature SE eae 
of a generator, the connection | is 
should be made as in Figure 1. 
The source of current is a D.C. 
110 volt switch or a storage battery 
capable of delivering several amperes of current. R, is a regulating 
rheostat or bank of lamps by means of which the value of the cur- 
rent is regulated. a and 0 are the points of contact of the volt- 
meter around the armature R. In this case the current through 
the ammeter is the current through the armature which is several 


Z9 


FIGuRE 1. 
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amperes plus the current through the voltmeter which is a few 
milliamperes. The voltmeter current can in this case be disregarded, 
In this case, R= Pd/I is the resistance of the armature. If the 
connection was made as in Figure 2, then R=Pd/J, resistance 
of armature plus the resistance of 
the ammeter, and in certain cases 
the resistance of the ammeter will 
be equal to or greater than the 
resistance R. If the resistance is 
great, connect as in Figure 2. In 
this case the resistance R is great 
and an addition or error of a few 
hundredths ohms can be neglected. 
If connected as in Figure 1 the 
Ficure 2. current through the voltmeter may 
be much greater than the current 
through the resistance R. Milliammeters and millivoltmeters can 
be used instead of ammeters, but the errors due to the resistance 
of the milliammeter and the current through the millivoltmeter is 
liable to be great. 

Be sure the current is not greater than the maximum range of 
the ammeter and that the Pd is not greater than the maximum 
range of the voltmeter. 

51. Wheatstone Bridges. The 
Wheatstone bridge consists of four 
resistances. The value of one of 
these resistances is known. The 
ratio of the resistances of two 
others is known. The fourth is the 
unknown, or the resistance to be 
measured. These four resistances 
are connected together to form a 
closed circuit. Diagrammatically 
the resistances are connected to FicurE 3. 
form a diamond or parallelogram 
as in Figure 3. Ris the adjustable 
known. R, and R:z are the ratio arms. The ratio of Ri to Re» is 
known. X is the unknown. A galvanometer is connected across 
one diagonal of the diamond and a battery across the other 
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diagonal. The resistance R is changed until there is no current 
through the galvanometer, then the potential of 6 is equal to the 
potential of d. Then Pd,=Pd,g and Pd),.= Pda, and I,=Ip and 
I= Tx. Since Pd» =I2R2,Pdga=1,Ri and Pda. =IrR and Pdy.=1xX, 
then X =R2/Ri R. 

52. Slide Wire Bridge. The 
bridge is of two common forms— 
the slide-wire bridge and the box 
bridge. The slide wire bridge 
consists of a No. 20 manganin or 


German silver-wire usually one Ri Be 
meter long, stretched on a board > 

and soldered to two heavy bars of 

copper or brass. Figure 4. This y 


e 
heavy bar is extended along the | 
back of the board usually with FIGURE 4. 
four openings with binding posts 
so as to connect resistances. Two of these openings for simple 
measurements are closed with heavy conductors. The resistances 
of these heavy bars and straps are considered to be zero. 

It will be seen that the resistances Ri and R» are that of sections 
of the wire. Since the resistance of the wireis uniform, then/ 
and Jz, lengths, can be substituted for Ri and Re. In this bridge 
the known resistance R can be fixed and the ratio of R, to R2 can 
be changed until the bridge is balanced. For exact measurements 
it is best to adjust the known resistance K so that the sliding 
point } is near the center of the wire. Slide-wire bridges can be 
constructed very cheaply 
and still give fair results. 

53) Box epridges. | slhe 
box bridge consists of 
three resistance boxes and 
the unknown. These three 
resistances are usually 

eu S. placed in the same box and 

marked terminals and keys 

placed conveniently. In all bridge work two break keys should be 
used, one in the battery and one in the galvanometer circuit. 
Figure 5 is a diagram of one form of box bridge. The letters on 
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the diagram correspond to those in diagram, Figure 3. In any 
bridge work the bridge should be studied by diagramming it and 
determining the points which correspond to the diamond, Figure 3. 
Pieces of paper with the letters can be fastened to the box until 
one is able to see the particular bridge in the “diamond form.” 

All box bridges are alike in principle but their outward form 
may be very different. Figure 6 shows a modern box bridge. 

In using a box bridge, connect the unknown in and select some 
value for the ratio Ri= Re. Let R=0. Press the battery key and 
then the galvanometer key and note the direction of deflection. 


FIGURE 6. 


This is the direction of deflection when R is too small. Select some 
large value of R. The direction of deflection will be in the opposite 
direction if R is greater than X. Then X lies between zero and the 
large value of R. Make R about one-half of the large value, then 
from the direction of deflection it is easy to determine whether the 
value of X is greater or less than the last value. Make R some other 
value near the intermediate value, noting deflection. By approxi- 
mating closer and closer, in a short time approximate value of XY 
can be determined. 

After the approximate value has been determined, the ratio 
of Ri/R: may be changed so as to obtain more exact measurement. 

If the resistance to be measured is a coil containing much 
inductance, care must be taken not to close or open the battery key 
while the galvanometer key is closed, otherwise there will be a 
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momentary deflection or kick of the galvanometer even if the 
bridge is balanced. 

54, High Resistances. High resistances can be measured and 
tested if one has a box bridge which has large resistances. Perhaps 
a better way is to use a comparison method using a sensitive 
galvanometer and compare the resistance with a 10000 ohm coil. 

Grid leak resistances should be tested for noise. Often resis- 
tances made of carbon or by the sputtering method conduct inter- 
mittently as if there were a small spark gap in the circuit. This 
causes noise and a set in which this is introduced will be noisy. 
This can be tested by placing the resistance in series with a B 
battery anda head set. The resistance can also be tested by placing 
it in the input circuit of an amplifier. This amplifier can be any 
sort of an amplifier resistance, impedance or audio coil amplifier. 

Figure 7 gives a diagram of 
serted in series with the re- ; ( 
sistance. The current should | 
The amplifier should be tested for noise before the resistance is 
inserted. 


the first stage, the one into 
which the resistance is in- 
serted. A milliammeter is in- 

be adjusted to the normal : . + [ 4 = 
value, the current which flows Ficure 7. 

in the resistance when in use. 

55. Use of Alternating Current in Resistance Measurement. When 
making certain measurements there are often troublesome 
E.M.F.’s in the circuit, such as thermal junction effects or electro- 
lytic polarization, which make it hard to get exact balances of the 
bridge. 

Thermal junction effects can be practically eliminated by 
using D.C. batteries and making measurements and then reversing 
the battery and taking another balance. The mean of the two 
results can be used as the right result. 

With electrolytic resistances the E.M.F.’s build up and oppose 
the direction of the currents after they have continued for some 


time. If A.C. is substituted for the battery the time is short and 
these E.M.F.’s are inappreciable and the rapid reversing elimi- 
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nates the effects. If a telephone is used in place of the galva- 
nometer, bridges can often be used with A.C. 

The bridge and all resistances must be non-inductive resistances 
Figure 8 shows a shielded resistance box, and the inside of the box. 
Any inductance introduces an impedance which can not be 
balanced out with the ordinary bridge. The resistance of coils can 


Ficure 8. 


not be measured with A.C. unless they are non-inductively wound. 
Ordinary resistance boxes are non-inductively wound by un- 
reeling the properamount of wire, doubling the wire and winding it on 
a spool so that the current flows around the spool in both directions 
the same number of times. These spools are non-inductively 
wound, but since the two halves of the wire are side by side the 
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FIGURE 9. 


capacity from wire to wire is rather large. This capacity introduces 
an impedance which may effect the measurements at times. 
Resistance boxes intended for high frequency measurements have 
coils which are wound in a manner to eliminate both inductance 
and capacity. Figure 9 shows the method of winding a coil to 
eliminate capacity and inductance. 


CHAPTER -1V 
ALTERNATING CURRENT 


56. Introduction. Radio is a special application of alternating 
current. In all radio circuits we have condensers, and coils. Coils 
have inductance, and resistance. A radio circuit consists of re- 
sistance, inductance, and capacity. The frequency of radio current 
is very high, the order of one million cycles or more. Radio current 
is alternating current of high frequency. The current used in most 
cities for house lighting is alternating current whose frequency is 
60 cycles per second. The only difference between radio current 
and the current in the incandescent lamp is in the frequency. 

When we have resistance, inductance and capacity in a circuit 
the equation for the current is 

E 
[= 
\/ R?+(Lw—1/Cw)? 


where J = current, E=electro-motive-force, L =inductance, C =ca- 
pacity, and w=27an, where 7 is the frequency. 

A small coil has small inductance but when the frequency is 
high the term Lw becomes very large and the current is impeded 
and becomes very small, even if the resistance, R, is small. 

By taking a condenser of proper size the term 1/Cw can be made 
equal to Lw, the bracketed term in the impedance becomes zero 
and we have J/=E/R. And if the resistance is small the current 
will be large. Such a circuit is known asa resonant circuit, or tuned 
circuit. Radio is the study of tuned or resonant alternating cir- 
cuits and currents. 

In order to understand resonant circuits it is necessary to have 
some idea of alternating currents. In a text of this kind it is not 
expected to give a complete treatise on alternating current. It 
is hoped to treat or mention the essential points only. For more 
detail, a good text on this subject should be consulted. 

57. Generation of Alternating Currents. When a coil of wire is 
rotated at a constant rate in a constant field the rate of cutting 
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lines of force is proportional to the sine of the angle, sin 6, where 6 
is the angle the plane of the coil makes with the position it occupied 
when the plane of the coil was perpendicular to the field, Figure 1. 
The E.M.F. which is proportional to the rate of cutting lines of 
force will then be proportional to sine 6 or e=E sin 8, 
when ¢e is the E.M.F. at any time, t, and EZ is the maxi- 
mum E.M.F. Since, angle is equal to angular velocity 
i times time, or 0=t, where w is the angular velocity 


A 

ee or the number of radians the coil turns through per 

A second, we have w=27n and 6=2rni and e=E sin wi 
=F sin 2rnt, where n is the number of revolutions of 
the coil per second. Since there is a complete alter- 

ae nae nation in one revolution of the coil, 7 is the number of 


alternations per second, or the number of cycles. Thus 
we speak of 60 cycle current. In a 4-pole machine there are two 
cycles per revolution and the frequency is revolutions per second 
times the number of pairs of poles. An A.C. generator is a machine 
which will give an E.M.F. whose equation is e= £ sin wi. 

58. Coils in Alternating Circuits. If a coil of wire is connected 
to an alternating E.M.F. Fig. 2 there will be an E.M.F. set up 
in the coil which is proportional to the rate of change of the 
magnetic field of the coil. 

Then Ohm’s law, which for steady 
current is E=7R, becomes E=IR 
+dN/di, where dN /dt is the E.M.F. 
due to the change of the field V.* 

The coefficient of self-induction of 
the coil, L, is the E.M.F. of the coil 
when the current changes at the rate 
of one ampere per second. ‘Then 
dN/dt=L dI/dt and since e=E sin wt, we have E sin wt 
=L dI/dt+IR. The solution of this differential equation gives, 


FIGURE 2. 


E 
—— 


a/ R2+ Lu? 


sin (wt—tan7! Lw/R), 


* dN/dt is read the rate of change of the flux, N, with respect to the time, ¢. 
It is the mathematical way of saying the number of lines of force cut per second. 
L dI/dt reads the inductance, L, times the rate of change of current, J. 
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I being the value of the current at any time ¢ after the switch has 
been closed for some time, which is long compared to one cycle. 
59, Maximum Current. The maximum value of J will be, at the 
time ¢, such that sin (wt—tan7! Lw/R) =unity. 
Then 
Een. 


Lvs oe ee eo aS 
a/ R2+ L?w? 


Since ¢= Emax sin wt, e= E, at such a time that sin wf=unity, and 
I will equal Jn,ax at some later time such that sin (wt—tan7! 
Lw/R)=unity. Or the current is said to lag behind the E.M.F. 
by the phase angle, 9= tan! Lw/R. 

60. Virtual Current. In practice we do 
not measure the maximum current or Auli ee Ae 
voltage, or yet the average current or ¢ 
voltage, but the virtual current or voltage NU, 
which is the root mean square current or icoRnes 
voltage. If Figure 3 represents a single 
cycle of current, then the virtual current 
is obtained by drawing vertical lines at regular intervals every 
five degrees, say. Measure the length of each line, square this 
value, and take the sum of all the squares and then divide by 36, 
the number of lines, and we have the average or mean square of 
the current for one-half cycle. Extract the square root of this mean 
and we have the root mean square. The root mean square of the 
second half of the cycle will be the same as that of the first half- 
cycle. When this is done the virtual current is found to be 


T Tass il NDE if ax. WHE 
== = ae max. OF So If max. + 
<a 1.414 
In like manner 
Era 
Witrnmel = =|) ae ee 
iL ail 
Since 
. 707 eee 
MOC = 
a/ R?+ Dw? 
JDpacee. 
Woke, = 
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R is the resistance and Lw is called the reactance. +/R?+ Lu? 
is called the impedance. 

The heating effect of a current flowing through a resistance is 
proportional to the square of the current or /*. A virtual current 
of one ampere alternating current is that current which will 
produce the same heating effect as one ampere of direct current. 
The heating effect may be measured by the brightness of the wire 
as in an incandescent lamp or by the change of the length of the 
wire as in a hot wire ammeter. 

61. A.C. Instruments Read Virtual Values. All alternating 
ammeters and voltmeters read the virtual current and virtual 

voltage. Thus in a hot wire ammeter 
Z the deflection is proportional to the 

\ mean heating effect, /°R. If one ampere 

= ey Y deflects 1 scale division, 2 amperes will 
8 2 deflect it 4 scale divisions, and 3 amperes 
will deflect 9 divisions, etc. The gradua- 

J tion is 1, 2, 3, instead of 1, 4, 9, or the 

marking on the scale is such as to give 


NOTES the square root of the mean deflection. 
Figure 4 illustrates this. 
62. Vector Diagrams. The equation 
E 
a 
\/ R?+ Dw? - 
may be written H?=/?R?+ [?L?w?, 
Thus &?, the E.M.F. of the A.C. E 1Lw 
generator is equal to /?R? the square 
of the 7 Ky drop, .plus £12 02a2%) the 6 
E.M.F. due to the inductance of the 41k lp 
coil. The square of one term equaling Ficure 5. 


the sum of the squares of two others 

suggests a right angle triangle. The square of the hypotenuse equals 
the sum of the squares of the other two sides. If in Figure 5 /R is 
the base, then £, is the hypotenuse and /Lw is the height of the 
right angle triangle. 6, the angle between the base and hypotenuse, 
is the phase angle, 6=tan~! JLw/IR, which we have said was the 
angle the current lagged behind the E.M.F., £. 
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Since JR is the Pd or E.M.F. due to the resistance, and JLw 
the E.M.F. due to the inductance, then £ is not equal to the alge- 
braic sum of the other two, but the vector sum of the other two. 
Thus E.M.F.’s in alternating currents must be added vectorally 
in the same manner as forces, velocities, or distances. The E£, 
the hypotenuse in Figure 5, is the vector sum of the other two 
E.M.F.’s, or of the other two sides of the triangle. 

In Figure 2, all the resistance is 


: BR a kas 
represented as being between ab, TV OOP 
and all the inductance between bc. Let ra] 
Then a, 8, c, is the right triangle of = 
Figure 5. A voltmeter connected to 
ac gives EH, when connected be- CO; 
tween ab gives the 7R drop, and FIGuRE 6. 


when connected between dc gives 

the E.M.F. due to inductance. In general, the resistance, R, is 
distributed throughout the circuit and the inductance, JL, is also 
distributed so it is impossible to locate the point, 0. 

The resistance of the coil or circuit can be measured by means of 
D.C. current. Then /R for any A.C. current, J, can be calculated. 
Then £, the A.C. voltage between ab, Figure 6, can be measured 
with an A.C. voltmeter and the value of J measured with an A.C. 
ammeter at the same time. Then we 
have two sides, the base and hypotenuse 
of a right angle triangle to construct 
the triangle, Figure 5, and thus deter- 
mine the height, which is /Lw. Knowing 
IT and w, L can be calculated. 

63. Resistances and Coils in Series. Vi 
we place a resistance such as an incan- 
descent lamp in series with a coil, wh-ch 
can be represented by Figure 2, the vec- 
tor diagram of the coil is a right angle triangle bd’c, Figure 7. The 
TR drop of the coil is 6’. The current is in phase with the JR 
drop and is represented as being along the base of the triangle. 
The phase angle of the coil is the angle cbb’. The reactance of the 
coil is Lw. The E.M.F. due to this reactance is the perpendicular 
cb’. The impedance of the coil is \/R?+(Lw)?.. The added lamp 
increases the resistance, but since a lamp is non-inductive for low 


FIGURE 7. 
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frequency it adds nothing to the inductance. Then in the vector 
diagram the JR drop due to this resistance is represented by ad 
which is in the same straight line asbd’. The total 7R drop isab’. The 
total inductance has not been changed, then the vector diagram 
of the circuit is the right angle triangle ab’c. But 6’ is some 
indefinite point in the coil. The points adc are the terminals of the 
lamp and coil. Then in the vector diagram the voltage around the 
the lamp is ab, the voltage around the coil is bc, and the total 
voltage is ac. Thus the vector diagram of the circuit is the obtuse 
triangle abc and the voltage due to the inductance is the perpen- 
dicular let fall from c to the line ad produced. 

Thus: if a voltmeter is placed first around the lamp and then 
around the coil and last around the coil and lamp together, the 
three readings can be used to construct the triangle abc making 
the line ab horizontal. The construction is, given the three sides 
of a triangle to construct the triangle. 

To calculate the inductance, drop the perpendicular cb’ and 
measure its length and set equal to 7Zw and solve for L. The 
current J having been measured with an ammeter and w being 
known from the frequency, w#=27rn. 

This is known as the three voltmeter method of measuring 
inductance. (Experimental Radio, p. 15) 

The phase angle of the 
circuit is the angle cab, 
while the phase angle of 

Ficure 8. the coil is cbb’. It will be 
seen that the addition of 
resistance diminishes the size of the phase angle. 

If a number of coils and resistances, Figure 8, are placed in 
series, the total resistance is the sum of the resistances and the 
sum of the separate inductances is the total inductance. 

In proving that the resistance of two or more resistances is 
equal to the sum of the separate resistances, when using D.C. 
we start with the proposition that the total drop of potential 
through the resistances is equal to the sum of the separate 
potential drops, and that the current is the same in all coils. With 
coils and resistances in series with alternating current, the same is 
true except we take the vector sum of the potentials instead of the 
algebraic sum. Figure 9. “Experimental Radio” Experiment 16. 
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64, Coils and Resistances in Paral- 
lel, In this case the potential across 
each coil is the same and the current 
is the vector sum of the separate cur- 
rents. The method of proof is very 
much as that where we have resist- 
ances in parallel with D. C. The ap- 
plication of the vector addition of 
currents to the case does not give a 


FIGURE 9. 


simple statement like the reciprocal law of resistances in parallel. 


alee R 


Ficure 10. 


Tia resistance, Ak, 
and an inductance, 
iL, -are- connected: in 
parallel, Figure 10, 
the total current is 
equal to the vector 
sum of the separate 
currents, or we have 
the closed triangle 
aF\Fy, Figure 11. 


The E.M.F. in this case is drawn vertical, and the current through 


the resistance, K is in phase with the 
E.M.F. Completing the parallelo- 
gram, we have the direction or phase 
of the current, Jz as aF,. The IR 
drop dc is in phase with the current, 
T;, and must make a right angled tri- 
angle with the E.M.F., ab. The 
semicircle is drawn on ad as a di- 
ameter for convenience in construct- 
ing the right angled triangles. The 
angle bacy, gives the phase angle of 
the resultant current Jy. Using the 


Res 


Ficure 11. 


same reasoning we have the line acy, as the 7R drop and the line 
bey as the resultant 7L of the resultant circuit, from which the 
resistance and the inductance can be computed. Thus a resistance 
and a coil in parallel are equivalent to, or can be replaced with, a 
resistance and a coil of such values as to give the vector diagram 


QCi90. 
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The third coil can be combined in the same general manner 
using the resultant current, Jj, and the current, I;. The principle 
is the same as that used with three forces; two are combined 
vectorally and then the third is combined with the resultant of 
the first two. 

The three circuits are the same as a coil having resistance and 
inductance such as to give the current Js; with a phase angle 
balyo3. 

Although a general statement of the values is not simple to make, 
it can be said that any number of coils and resistances in parallel 
are equivalent to a resistance and an inductance in series. 

65. Circuits Containing Capacity. If we have a circuit with a 
resistance and an inductance and a capacity in series, then our 
differential equations become E sin wt=7R+L(dI/dt)+fIdt/C 
where C is the capacity of the condenser. The solution of this is 


a) 1 
[== = sin («- tan”! (10 = =): 
f 1 \2 Cw 
f/ R+( te = =< 
Cw 


If L is zero, then 


E : 1 
{= SIN (oi+ tan —). 
C 


Ee 0, 
VEN) 
Cow 
Our reactance in this case is 1/Cw, and our phase angle is positive 
and the current is said to lead the E.M.F. It will be remembered 
that it lagged in the case of resistance and inductance. 

As inthe case before, wecan write the equationas/ = E\/ R?-+(X)? 
where X is the reactance, J the virtual current, and £ virtual 

If L=Oand R=0, we have I = Ev/(1/Cw)?=CEw. This equation 
will apply to a good condenser placed in an alternating circuit, 
the resistance of a good condenser being very small. 

In this case the current in the condenser makes an angle which 
is practically ninety degrees with the E.M.F. If the angle is 
ninety degrees, then the current is wattless current and the 
condenser consumes no energy. This is true, since the resistance 
is zero and no energy is used in a circuit in which there is no 
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resistance. There being no 
resistance thereis no/?R loss 
and no heat will appear. If 
the condenser gets hot then =6) 
thereis resistancein the con- 
denser and the phase angle 

is less than ninety degrees. 
66. Vector Diagrams with Condensers. The vector diagrams with 
condensers and resistances are made in 


Rw ono °F d 


FIGuRE 12. 


a a the same way as when resistances and 
eo ia inductances are connected together, the 
ia reactance being 1/Cw instead of Lw. The 


current is said to lead the E.M.F. instead 
of lagging behind the E.M.F. as in the 
case of coils. 
67. Circuits with Resistance, Inductance 
C and Capacity in Series. If the resistance, 
Froure 13. inductance and capacity are connected as 
in Figure 12, the vector triangle abc for 
the resistance and inductance will be the same as when the circuit 
contains only resistance and inductance except that now since we 
have both negative angles and positive angles to deal with we will 
turn the triangle over, placing the . 


angle, 6, below instead of above the 

horizontal line, ad, as we did in Figure es 

9. The point, d, is determined by ; 13 
| 
‘oom 
| 
‘ cee 


knowing the voltages, ad, bd, and cd. 
Using arcs proportional to the voltages 
we have the lines ad, bd, and cd meeting 
at the point d. The point, d, may be 
below the line a6, as in Figure 13, or ucuas 1 

it may be above the line ad as in 

Figure 14. In Figure 13 the resultant angle is negative, or the 
current lags behind the E.M.F. by the angle bad; or the resultant 
angle may be positive as in Figure 14, and the phase angle, bad 
positive and the current leads the E.M.F. The conditions in 
Figure 14 can be changed into the conditions of Figure 13 by either 
increasing the inductance and thus making the lag greater, or by 
increasing the capacity and making the lead less. The dotted line 
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db represents the quantity (1/Cw—Lw) and may be either positive 
or negative. When (1/Cw— Lw) is zero, then the point d lies on the 
line ab produced and the phase angle is zero. Then the current 
is in phase with the E.M.F. 

68. Series Resonance. In our equation, 


E 


4/ R?2+(Lw—1/Cw)? 
Since (Lw—1/Cw) =0, we have [= E/R. 

Figure 15 is the vector diagram of a lamp, an inductance and 
a ten microfarad condenser in series and adjusted for resonance 
with 60 cycle A.C. The voltages given in the diagram are the actuay 
measured voltages. 


ve 


It may be 

eS ae sa wit— — — —"_ -— - £3 well to call at- 
4) : : al tention to the 
“| | facheochatecne 
K Slot Oe ene 255 Volt — — — ae) voit} three voltages 

ie ee ad ore measured from 


left to right are 
54, 255, and 254 


I = 1 Ampere 


ab = 54 Volts 
ac =265 


ad = 99 volts, and the 
baa hg measured volt- 
eae age across all 
threeis 99volts. 

In other words, 

54plus 255plus 

Ficure 15. 254 is equal to 


99, vector ad- 
dition. This is shown in the vector diagram. A circuit so adjusted 
to make the phase angle zero is said to be adjusted to resonance. 
Since the impedance of the circuit becomes the resistance, R, the 
current is a maximum. An ammeter in the circuit will show the 
condition of resonance. The adjustment can be made by gradually 
changing either the inductance, the capacity, or the frequency 
until the current as shown in the ammeter is the largest value 
possible with the given resistance. 

69. The Maximum Current Depends upon the Resistance. If the 
resistance, R, is diminished, the current will increase, since the 
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maximum current is 7=E/R. If in the circuit of Figure 15 the 
resistance had been decreased until the current had been two 
amperes instead of one ampere, the potential across the inductance 
and condenser would have been doubled or near 500 volts. In 
that case the vector sum of voltages whose algebraic sum is about 
1000 volts would have been 99 volts. 

This circuit is the fundamental circuit of radio. Radio isa special 
case of resonance with alternating current. A good understanding 
of the cause of the increased current and the increased potential 
across the condenser and coil is imperative to a full understanding 
of radio circuits. 

70. Parallel Resonance. We have given the vector diagram, 
Figure 11, for resistance and inductance in parallel. The theory © 
for resistance and capacity in parallel is the same except one must 
remember that capacity makes the current lead the E.M.F., 
and that the reactance for a condenser is 1/Cw instead of Lw. 
There is one case of special interest—the case of a coil and a 
condenser in parallel. As a usual thing it is necessary to place a 
resistance in the circuit to get a starting point. The phase angle of 
a coil is uncertain but in a resistance the current is in phase with 
the E.M.F. In the case of the condenser we can assume that the 
current leads the E.M.F. ninety degrees and then using this line 
as a starting point the phase angle of the current in the coil can 
be determined. If the coil and condenser are connected as in Figure 
16 and the circuit is ad- 


justed for maximum cur- An ie 
rent inammeters 1 and 2, A a 

the ammeters A; and A» 

give the current in the La 
coil and condenser and Ag C 

the ammeter A gives the Frcure 16. 


resultant current. If, as 
in Figure 17 the E.M.F. is represented by the vertical line ad and 


the current J, through the condenser is drawn at right angles to 
the E.M.F., then the current J; and the current J, together with 
Tz, will form the parallelogram in which the line representing J 
is the vector sum. Vector difference would seem more appropriate. 
The angle, ba/;, the phase angle of the coil, depends upon the 
resistance of the coil. If the resistance of the coil is very small, 
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then this angle becomes nearly 
ninety degrees, the two currents, 
I, and J, are nearly in opposite 
phase and then the reading of the 
ammeter A is the algebraic dif- 
ference. If the condenser or coil is 
adjusted so that the ammeters A; 
and A» read the same, then the 
FicureE 17. difference is nearly zero,—exactly 
zero if the two phase angles are each 
ninety degrees. Then our vector diagram is represented by the 
Figure 18. Thus if the resistance of both coil and condenser are 
‘zero, phase angles each ninety degrees, the resultant current is 
zero when the circuit is tuned to resonance. 

Putting it in other words, if the resistance is zero, the impedance 
of the combination is infinite. However, the resistances are never 
exactly zero, so the limiting case is never reached, but the im- 
pedance can be made very large by selecting low resistance 
condensers and coils. 

This is the fundamental theory of the = 
wave trap. A coil and radio condenser are 
placed in parallel in the aerial of the receiv- \ 


ing circuit and then tuned to resonance ee 
with the disturbing station. 2 
71. Power in Alternating Circuits. The ye 
nels 0 a CONDENSER Zo COre 
definition of work is force times space, but <= oa 
it is understood that the direction of the % 5 
force and the space is the same. The Ficure 18. 


formula for work might well be written 
W=Fs cos 6 where 6 is the angle between the force and the direc- 
tion of the space. 

In alternating current, as a general thing, the current and 
E.M.F. are not exactly in phase and we have, power equals the 
E.M.F. times the current times the cosine of the phase angle, 
or P=E£I cos @. If the load is pure resistance, then P= HI, the 
cosine of zero being unity. In the equation P=EI cos @ we can 
think of the cosine multiplying the current, or we have power 
equals E times the component of the current, which is in phase 
with the E.M.F. Also the equation can be written P=JE cos @. In 
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this we can think of the power as being the current times the 
E.M.F. in phase with the current. This E.M.F. is 7R as will be 
seen in the vector diagrams and the power becomes P=/?R. 

72. Transformers. A transformer is a device by means of which 
alternating current of low voltage is transformed to current of 
high voltage, or the reverse. When the transformation is from 
low to high voltage the transformer is called a step-up transformer. 
When transformation is from high to low voltage it is called a 
step-down transformer. A transformer may be used as a step-up 
or as a step-down transformer. Whether it is a step-up or a step- 
down transformer depends upon how it is being used. 

Most transformers are used as voltage 


transformers. They are also used as cur- a ae 
rent transformers. Most transformers Le 
have a closed magnetic path. The core ~~~ ae 
of the transformer is in the form of a ring Le i, as Ge 

ce aes op ooh 
of iron. This ring is usually rectangular oe = 
in shape instead of circular. A trans- 


former may have an open core. Two coils 
wound on an iron rod or bundle of fine 
wire is an open core transformer. 

The usual form of transformer is that in Figure 19. The core is 
laminated by being built up of strips of thin sheet iron into a 
rectangular core. The coils are first wound on a form and the core 
is built up inside the coils afterwards. 

Two or more coils are placed on the legs of the transformer. 
Both coils may be placed on the same leg, or one coil on each leg. 
There is little difference. All the magnetic flux is supposed to 
take the path through the iron. If this is true, there is no difference. 

The core is built of specially selected iron in which the hysteresis 
loss is small. The strips are rolled thin to prevent losses due to 
eddy currents. The thinner the iron the better. 

Suppose a coil of 100 turns of wire, and suppose this coil is 
connected to a generator of 100 volts, 60 cycle alternating current. 
The current will increase in the coil until the “back” E.M.F. is 
equal to the impressed. The alternating magnetic flux through 
the iron core will be of such a value as to cause the “‘back” E.M.F. 
to be 100 volts. Suppose the second coil has 100 turns. The flux 
through the second is the same as that through the first coil, and 


Ficure 19. 
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the E.M.F. in the second is 100 volts. The induced E.M.F. per 
turn of wire in both coils is one volt per turn. If the secondary coil 
has 10 turns or 1000 turns the secondary E.M.F. will be 10 volts 
or 1000 volts. 

If the 100 volt secondary coil is connected to a resistance of 100 
ohms, then the current in the secondary is one ampere. 

Applying Lenz’s Law, “The effect is in the direction to oppose 
the cause,” the current will oppose the flux through the secondary 
coil. This flux is also the flux through the primary coil. Applying 
Lenz’s Law to the primary, the flux is due to the current in the 
primary. Since the flux is opposed by a current of one ampere in 
the secondary, there must be more current in the primary coil 
to keep the flux constant. Then the current in the primary must 
be increased by one ampere. 


The original small current in the 
primary was wattless current and 
2 Amp. 1 Amp. * at right angles to the E.M.F.. The 
resultant current will be one ampere 
combined with a small current at an 
angle of ninety degrees. The vector diagram isa right angle triangle 
of large base, a small height, and a hypotenuse which is not much 
longer than the base. 

The flux through the core is now the same as the original flux. 
If the secondary current is increased to 10 amperes the primary 
current increases to 10 amperes in phase with the secondary current 
and the flux has the same constant value, Figure 20. 

If the primary voltage is increased to 150 volts the flux through 
the core is increased 50% and the secondary voltage is 150 volts. 
The primary voltage can not be increased indefinitely since the 
core becomes saturated, or goes above the “knee” of the magne- 
tization curve. The flux does not all follow the iron path through 
the secondary coil and the hysteresis losses also become excessive. 
A transformer should not be used for voltages higher than that 
given by the manufacturer on the name plate. 

If the secondary has 1000 turns and is connected to 10,000 
ohms, the current will be 1/10 ampere. This flows 1000 times 
around the flux and it will require 1 ampere in the primary coil 
of 100 turns to keep the flux constant. 

The primary power in this case is EJ cos 0, 0 supposed to be 0; 


FicureE 20. 
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or 100X1=100 watts. The secondary is 1000*.1=100 watts. 
The efficiency in this case is 100%. This on the assumption that 
the coils have no resistance and that the core has no hysteresis 
or eddy current loss. The usual efficiency in an actual transformer 
is near 95%. 

In a theoretical transformer the product of EJ on one side is 
equal to EJ on the other. By stepping up the voltage, the line 
losses in long distance transmission can be greatly reduced. 

73. The Magnetic Circuit. The magnetic circuit in the case of a 
transformer is the path through the core of the transformer. The 
length is the average length of the path for lines of force and the 
cross section is the cross section of the iron in the coil. In a 
magnetic circuit such as the magnetic circuit in a D.C. generator, 
the cross section is not constant and the path may be partly 
through cast iron and partly through wrought iron and through 
air. 

The equation for flux, number of lines of force, is Flux equals 
magnetomotive force, M.M.F., divided by reluctance, Rel. 

M.M.F. 
h= 


aes << d 


Rel. 


M.M.F. is that which causes the flux. M.M.F.=4anJ/10, 
Rel. =//u, where (1 or rr?=cross section. See page 15 Chapter I. 


5 4rnl mar? l 
~ (101/umr?2) ‘101 


If the path is not constant then, 


The lengths, cross sections and permeability of the various 


sections must be known. 
Since E=dF /dt=LdI/dt=Liw for alternating current, 


dF (udu le ii 
i= =a \/ = p4rnyLi— = L—,; 
dt SIGE dt ‘dt 
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ee 


L is proportional to 7®, the square of the total number of turns 
in the coil: 
The E.M.F. in the secondary is Mlhw=MdI,/dt. 
dF. Md, warn» pArlinin, \ dl 
= = fa = = or? 
dt dt U dt 


,=> 


M=p4rOnm: M is proportional to the product of Xm. 

In radio work transformers are used for a source of high po- 
tential for spark transmitters. In continuous wave, C.W. or modu- 
lated continuous wave, C.W. transformers are used instead of 
A and B batteries. In C.W., such as radio telephone, the alter- 
nating current must be rectified and smoothed out, “‘ironed out” 
with condensers and choke coils. 


CHAPTER V 
INTRODUCTION TO RADIO 


74. Resonant Circuits. Modern radio is based on resonant cir- 
cuits, a particular phase of alternating currents. In the section 
on alternating current we saw that the equation for J, when there 
is inductance, resistance, and capacity in the circuit with an alter- 


nating E.M.F. is 
E 


r= 
V R?+ (Lw— 1/Cw)? 


A particular case of this is when the term in the brackets, 
(Lwa—1/Cw) is equal to zero, and then J= E/R. 

If a rather large inductance and a condenser of from one to ten 
microfarads are connected in series with an ordinary glow lamp 
to a sixty-cycle circuit and the capacity or inductance varied, 
the lamp will glow brighter for certain adjustments. The bright- 
ness of the lamp indicates when the current 
is 2 maximum. To get a maximum the 
inductance required depends upon the par- 
ticular value of the capacity in the condenser. 
In the vector diagram Figure 15 Chapter 4, 
it is shown that the E.M.F. due to the coil 
is just equal and opposite to the E.M.F. due 
to the condenser. 

If a high frequency oscillator or alternator 
is made of an amplifying tube or small power 
tube, it can be shown that a wave meter can 
be tuned to this circuit and make a small 
flash lamp glow. 

The principle of the two experiments is the 
same. In the first case we have a sixty cycle 
circuit conveniently taken from the city 
mains, perhaps. In the other we have a million cycle circuit which 
is most conveniently obtained by a power tube connected to a 
Hartley circuit, Figure 1. 


FIGURE 1. 


OM 
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75. High Frequency Oscillator. This circuit, as can be seen from 
the diagram, Figure 1, consists of a coil and a good radio variable 
condenser connected to a radio frequency ammeter, R.C., in series. 
This will be seen to be what we shall call our wave meter circuit. 
One of the terminals of the coil is connected to the grid of a power 
tube, and a point near the middle of the coil is connected to the 
negative filament of the tube. The negative terminal of the B 
battery or generator is connected at the lower terminal of the coil, 
and the positive terminal is connected to the plate of the tube. 
A by-pass or blocking condenser is placed around the B battery 
or generator, and the D.C. meter in the plate circuit. This con- 
denser should have a capacity of about .001 m.f. or more. The 
wave meter, consisting of a coil L, a variable radio condenser, C, 
and a small flash lamp or radio ammeter, is connected inductively 
to this oscillator. 

The coils for both oscillator and wave meter may bé exactly 
alike,—fifteen to thirty turns of heavy wire wound on a cylinder 
from four to six inches in diameter. For temporary work, oatmeal 
boxes will do. One of these should have a tap at the middle point. 
All connections should be made with short, heavy wires in order 
to reduce the resistance of the circuits. Care must be exercised 
in adjusting the wave meter circuit to resonance with the oscil- 
lator. The current increases through the lamp so rapidly that it 
may be burned out before one is aware of it. If a 210 tube is used 
the A battery must be 7} volts, and the B battery from 100 to 
400 volts. By changing the capacity of the wave meter the wave 
meter can be tuned to the oscillator. By changing the condenser 
in the oscillator the frequency of the generator may be made the 
same as the natural or resonance frequency of the wave meter. 
If the inductances were variable we could tune by changing either 
the capacity, the inductance or the frequency in this experiment. 

With the circuit from the mains the frequency is fixed and is not 
under our control, while with the high frequency circuit the fre- 
quency can be changed from 500,000 to 1,500,000, perhaps, simply 
by turning a knob on the generator condenser. 

76. Tuning with C, L, or n. In the equation 1/Cw=Lw we have 
three factors—C, the capacity of the condenser, L, the inductance 
of the coil, and w the angular velocity of our rotating vector (rotor 
or armature of a two pole generator). 
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w=27n where n is the frequency. The current may be made a 
maximum by keeping two of these constant and changing the 
other. 

With the high frequency circuit, the frequency can be changed. 
If the wave meter is set the generator can be tuned to the wave 
meter by changing the frequency. Since 


La=1/Co, 
w=1/s/LC where w=2rn. 


The frequency, n=1/(2m\/LC). 

In Figure 1 the wave meter consists of a coil and a variable con- 
denser and resistance connected in series. The resistance in this 
case is largely that of the small glow lamp. The glow lamp is not 
absolutely essential except as a means of telling when the current 
is a maximum. With the lamp left out we have the resistance of 
the coil and condenser in the circuit. 

With a sixty cycle circuit we have the generator connected in 
series with the circuit. This is the source of the E.M.F. With the 
high frequency wave meter the E.M.F. is induced in the coil by 
induction from the coil in the oscillating circuit. 

It is usual to apply the term oscillating to high frequency cir- 
cuits, and alternating to low frequency circuits. There is no 
difference except in frequency. It is correct but unusual to speak 
of 100 million cycle alternating current, and of one cycle oscillating 
current. The frequency, ”, of a circuit depends upon the product 
of Land C. 

77. Pendulum Analogy. The frequency of a pendulum depends 
upon the length of the pendulum and upon the value of gravity. 
A pendulum tends to vibrate or “alternate” in its own natural 
frequency. If a small impulse is given to the pendulum at the 
proper times, a large vibration is built up. The frequency of this 
impulse must be the same as the natural frequency of the pen- 
dulum. With tuned circuits, the frequency of the E.M.F. must 
be the natural frequency of the circuit, in order to get any con- 
siderable current. 

If the circuit oscillates it will, like the pendulum, naturally 
oscillate at its own natural frequency. This is what is happening 
in our tube oscillator. The circuit is such that the tube supplies 
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the energy of the B battery to the circuit at the right time or at 
the natural frequency of the circuit. This frequency is determined 
by the inductance and capacity, 


n=1/20r/LC. 


78. The Condenser Annuls the Effect of the Inductance. If we 
look at our equation 


E 


is 
VR?+ (Lw— 1/Cw)? 


and consider that we make the current maximum by making the 
bracketed term zero, we see that we make the effect of the capacity 
annul the effect of the inductance. 

This is what we are doing when we twist the knobs of a radio 
receiver. We are annuling the effect of the coil by means of the 
variable condenser. This annulment takes place at any particular 
time for one particular frequency. If this particular frequency hap- 
pens to be the frequency of our favorite station, we get a maximum 
current and strong signals or music. The generator is the distant 
station which starts electro-magnetic waves that passover, through, 
or by our aerial and cause an E.M.F. which causes a detectable 
current when the reactance of the coil is annuled by the reactance 
of the condenser. 

The study of radio consists of the study of tuned or resonant 
circuits. Resonant circuits are made up of coils and condensers. 
Resistance is also found in these circuits. One of 
the objects in the study of radio resistance is to 
find how to get rid of as much of this resistance as 
possible. 

é 79. The Wave Meter Circuit. The simple circuit 
as diagrammed in Figure 2 is the fundamental cir- 
cuit used in radio. It consists of a variable con- 
denser, a coil, and usually some indicating device connected to- 
gether. This circuit is the same circuit used for series resonance 
in the section on alternating current. The coupling to the source 
may be by conduction, by capacity, or by induction. As a usual 
thing the coupling is inductive coupling. Thus Figure 1 shows 
a wave meter inductively coupled to an oscillator or tube generator. 
In the fundamental equation, 


Ex 
= 
of 
as 


FicureE2. 
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s/ R24 (Lw-1/Cw)? 


fe 


we have for resonance, Lw=1/Cw and n=1/2m,/LC. 

Since in any wave motion v=mX, where d is the wave length, we 
can solve for \. \X=0/n=0224/LC where vis the velocity of electro- 
magnetic waves, which is 2.998105 meters per second. (3108 
meters is the value usually used.) 

50. Wave Length. Ii we havea tuning fork making 100 vibrations 
per second and we strike the fork and let it vibrate for one second, 
in this time the fork will have sent out 100 waves. The first wave 
has traveled a distance v during the second. At the end of the 
second there are 100 waves between the fork and the first wave 
disturbance. Then \=v/n. If the v, velocity of sound, is 1100 
feet per second, there are 100 waves each 11 feet long. 

A single wave length is the distance 
the wave travels while the vibrating 
body, tuning fork in this case, is 
making one complete vibration. A 
wave is usually represented by the 
wavy line shown in Figure 3. A wave FIcurE 3. 
length is the distance from one crest: 
to the next crest, @ to ¢ in Figure 3. It also is the distance from 
one trough to the next trough, ¢ to g in the figure, or from 6 tof, 
points where the wave is in the same phase. A wave length is also 
the distance from / to7z. It is usually assumed that the wavy line 
is a sine curve, or a curve in which the displacement in the vertical 
direction is proportional to the sine of the angle. 

Since we know the frequency, 7, if we know L and C, we can 
calculate \, the wave length of the disturbance set up in the ether 
by the oscillating current in the wave meter. 

Here in the equation \=v27\/LC, L is expressed in henries and 
C is expressed in farads. As a general thing it is more convenient 
or customary to express C in microfarads and L in microhenries. 
Then }\=27X2.998X10%/L X10-* XC X10 which when multi- 
plied out is \=1884,/LC meters. L is expressed in microhenries, 
and C is expressed in microfarads. If the inductance is expressed in 
absolute e.m. units or centimeters and the capacity in microfarads, 
then X=2704/L.X10°XC X10. 
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\=59.6,/LC where L is expressed in centimeters and C is expressed 
in microfarads. 

If a coil of known inductance and a calibrated variable condenser 
are at hand, the wave length can be calculated for several points 
and a curve drawn giving the wave length for every setting of the 
condenser. In using a wave meter an indicating device such as a 
small lamp is needed to indicate when the current is maximum. 
(For methods of measuring inductance and capacity see sections 
on inductance and capacity. For more detailed directions, see 
“Experimental Radio,’ Experiments No. 12 and 17.) 

§1. Wave Meter a Measuring Device. The wave meter is the 
fundamental measuring instrument used in radio. The wave 
meter occupies the same place in radio as that occupied by the 
galvanometer in electricity. Without a wave meter it is practically 
impossible to know much about the performance of radio appa- 
ratus. It is very important that the radio engineer or anyone who 
wishes to understand radio should have a full understanding of the 
wave meter theory. 

Any coil when connected to a variable condenser and calibrated 
is a wave meter. The mystery of the wave meter is its 
simplicity! Wave meters can be calibrated in various ways, by 
calculation, as above, by comparison with a standard wave meter, 
by comparing with the Bureau of Standards, by using “‘constant 
frequency stations.”’ (For Schedules see ‘‘Radio Service Bulletin,” 
Supt. of Documents, Washington, D.C., 25 cents per year. See 
“Experimental Radio” for methods of calibration.) 

8&2. Frequency Meters. The wave meter is a frequency meter and 
probably the name wave meter is a misnomer. Frequency, 1, 
can be calculated and plotted as easily as wave length. The fre- 
quency can be obtained by dividing the velocity of light by the 
wave length—n=v/\. Frequency should be plotted on the same 
sheet with the wave length. Figure 4 is a reproduction of a typical 
wave meter curve. The figure first gives the capacity of the 
condenser in the line marked “‘Capacity.”’ This is seen to be a 
straight line except at the ends. Then d?, the square of the wave 
length, is given. This is seen to be a straight line except near the 
ends. From this line the value for the wave length, X, is calculated 
by simply extracting the square root of the values read from the 
straight line, \°. The values of the wave length are shown on the 
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curve marked “d.”’ By dividing the values of the wave length into 
the velocity of light, the frequency in kilocycles is obtained and 
plotted in the curve marked ‘‘Frequency.’”’ These curves are for a 
43-plate semicircular condenser and an 80 turn single layer coil 
wound on a paper tube 3% inches in diameter. 
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83. The Wave Meter a Typical Circuit. The wave meter circuit 
as found in the typical wave meter is the fundamental circuit 
used in all radio circuits. Certain circuits may not seem at first 
sight to be like this one, but upon closer search they will be found 
to have capacity and inductance in the tuned circuit. There may 
be two or more condensers in series, which makes the circuit com- 
plicated, but remembering that two or more condensers in series 
are equivalent to a single condenser which is less than the smaller, 
we find the circuit simplified down to the simple circuit. 


CHAPTER. VI 
CAPACITY 


$4. Introduction. When a charged body is brought near a second 
insulated body there is an induced charge on the second body. 
If the insulated body is touched a charge is taken off. If a ball 
Figure 1 is connected to a battery, the 


in 4a negative end of which is connected to 
ie ' the ground, and if this ball is moved 
YO) (@) towards a second body which is con- 

\ / nected to the ground, there will be a 


negative charge induced on the second 

FIGURE 1. body, and if a sensitive instrument is 

placed in the battery circuit a small 

current will be found to be flowing towards the ball as it is moved 

towards the second body, and 
a second instrument will show 
that a current is flowing from 
the second body to the ground. 

The current will flow as long as ene 


: : Oe 
the charged ball is moving 
toward the conductor. There 4" SHEET NO T 


increased as it is moved 
toward this conductor. Since ats 

2 3 5 |10 
since V, the E.M.F. of the Rae, 
battery is constant, the ca- i 
it. The capacity of any con- 
ductor is increased by the presence of other conductors. The two 


is a certain quantity of elec- 
tricity in the ball and this is | ksweer WO. IL 
Capacity=Quantity divided 

by Potential, C=Q/V, and 

pacity of the ball is increased ( . 

due to the fact that a second 

conductor is brought near to FIGURE 2. 

bodies constitute a condenser. Usually condensers are made of 
58 
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conductors in the form of sheets of metal separated by air, glass, 
mica, or paraffined paper. 

85. Fixed and Variable Condensers. In radio we have fixed and 
variable condensers. A fixed condenser may be made of two sheets 
of tin foil 3” x 4”, pasted on a 4 x 5 inch photographic Plate. Figure 
2 gives method of placing plates. Such a condenser has a capacity 
near .0O2 microfarads. A variable condenser consists of a number, 
usually about 43 or 21, or less, simicircular plates of metal, one- 
half of whichare fixed and the other half mounted so as to rotate and 
pass between the fixed set but not touch. The maximum capacity 
is usually about .001 microfarads or .0005 microfarads. 

86. Potential and Capacity. In the electro-static system of units 
the unit of capacity is the centimeter. It is the capacity of a sphere 
whose radius is one centimeter. The potential of a point at a 
distance R from a charge Q is Q/R. If a charge Q is placed ona 
point the potential of every point at a distance R 
from Q will be at the potential Q/R. This 4—~\ 
imaginary sphere is an equipotential surface. A 
conductor is also an equipotential surface. If a 
hollow conducting sphere of radius R, Figure 3, ea ee 
has a charge Q placed at the center of the sphere, Qpacity=R cm 
the potential is Q/R also. Since moving Q about Brceense 
in the sphere does not have any effect on the 
potential of a conductor, and since the charge Q can be placed on 
the surface of the conductor and have the same effect on the po- 
tential of the conductor as if the charge Q is on the inside, then 
the potential of a sphere of radius R has the potential Q/R when 
the charge Q is on the sphere. Since Q=CV, quantity equals 
capacity times potential, then V=Q/C=Q/R, and C=R. 

87. Spherical Condenser. The capacity of a sphere is equal 
to the radius of the sphere. If another imaginary sphere of greater 
radius is drawn about the charged sphere, then this space has 
potential Q/R:. If a second hollow sphere is placed so as to 
occupy this space, then the potential of the second sphere is 
Q/Rs. 

The difference of potential of the two spheres is Vi— V2a=Q(1/Ri 
—1/R:). 

If the outside sphere is connected to the ground, then V.=0 
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and Vi=Q(1/Ri—1/R2) =QO(Ro— Ri)/(Rik2). Since C=Q/V, we 
have R,R»/(Ri—R») as the capacity of a spherical condenser. 

If the spheres are large so that Ri= Ro, nearly, and Ri—R.=d, 
where d is the distance between the spheres, then C=R?/d. 
Multiplying numerator and denominator by 4r we have C= 
4rR?/4nd=S/4ard, where S is the surface of the sphere. If the 
spheres are large, a small portion of the surface will be a plate 
condenser made of two plates and the capacity of the plate con- 
denser is C= S/4rd. 

If the plates are separated by a dielectric other than vacuum, 
then the capacity is increased by the dielectric, and C=kS/4rd, 
where k is the dielectric constant. Air is usually considered to have 
a dielectric constant of unity, the same as that of a vacuum. The 
exact dielectric constant of air is 1.00059. The dielectric constant 
of kerosene is 2, that of castor oil is about 4.5. The capacity of 
an ordinary air condenser immersed in castor oil is 4.5 times the 
capacity it has when filled with air. (‘‘Experimental Radio,” 
p. 925) 

88. Dielectric Constant. The dielectric constant of a substance 
can be defined as the ratio of the capacity of a condenser when the 
space between the plates is filled with the substance, to the capacity 
of the same condenser when the space is filled with air or vacuum. 

The value of the dielectric constants of various substances is 
shown in the following Table of Dielectric Constants. 

89. Capacity of a Condenser: Calculations. From the formula, 
C=kS/4rd, we see that we can increase the capacity of a condenser 
by increasing the surface, S, of the plates, or by using a substance 
of high dielectric constant, k, or by diminishing the distance, d, 
between the plates. 

It will be evident that for high voltages the distance, d, cannot 
be diminished indefinitely. It is customary to increase the surface 
by using a pile of a number of plates instead of using two large 
plates. A sheet of metal, then a sheet of dielectric, glass perhaps, 
and then a sheet of metal until we have m plates of metal. The odd 
and the even sheets are connected for terminals. The surface is 
m—1 times the area of one sheet. Figure 2 shows the method 
of connection of the plates. 

The capacity of a plate condenser can be calculated from the 
formula. If the plates are far apart there will be a correction for 
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TABLE OF DIELECTRIC CONSTANTS 


Values of Values of 
dielectric dielectric 
Substances constant (k) Substances constant (k) 
JG SS iets hori ee Oe Cell order eee (metoul 
(Glasses ree: seers 4 to 10 Wood, maple, dry...... 3.0 to 4.5 
IGT Cabarete ate raea cers 4 to 8 WW@OGl, OBS, GIA osa,.s0 SSO 10 GO 
ardek ubbermen ante 56) Molded insulating ma- 
EAT. oon goon ons 2 wt 3 terial, shellac base.... 4 to 7 
IPI, GMB? oy cc on eae 1.5 to 3.0 Molded insulating ma- 
Paper (treated, as used terial, phenolic base 
TO CANNES). po aecancac R3 (@) AO (soa lelute:2 Sea ee 50) > 7.5 
Porcelain, unglazed..... > im oF Vulcanized Fibre....... 5 to 8 
SUD ee aaseaece nae I) ho 42 Casiior Oi ssccoeccouce 4.7 
WIERD, <.scccece coe ie: diramsiorm er) ©1l eae B® 
Shellac. soores OFO KO Saf Wersem, chisiailleel,.. 205... 81.0 
Beeswax shear errr ast B.2 Costonseacl Oil. .5 55.5. - sill 
Sil eer eerit no Mae ok 4.6 (Bureau of Standards, Circular No. 40) 


the edge effect. The edge effect will cause the capacity to be 
larger than the value obtained from the formula, C=kS/4rd. To 
reduce this value which is expressed in centi- 
meters, to microfarads, divide by 900,000. Cr 
90. Condensers in Parallel. If two condensers 
are placed in parallel, as in Figure 4, then 
Q=qtq. Since Q=CV, and m=CiVi, and 
g2=Co2V2 and V=Vi= V5; then CV SCG 
+CeV_ or C=Ci+C>y. The capacity of two or 
more condensers in parallel is the sum of the 
separate values. 
91. Condensers in Series. When condensers are in series, as in 
Figure 5, Q=qm=q2 and V=Vi+ V2, and since Vi=Q,/C; and 
c re V2=V2/C2, O/C = Qi/Ci+ Qo/C2 and 1/C=1/Cr 
— = 2 4+1/C:. The capacity of two condensers in 
| series is the reciprocal of the sum of the re- 
cures ciprocals of the capacities. 

It will be noted that the laws of combination 
of capacities are of the same form as the laws of combination of 
resistances except that capacities in series take the reciprocal law 
while resistances in parallel take the reciprocal law. Resistances 
in series take the summation law while capacities in parallel take 
the summation law. 


C, 


FIGuRE 4. 
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It is well to remember that Q=CY is analogous to a gas tank. 
The quantity of gas in a tank is edu to the volume of the tank 
times pressure. 

92. Unit of Capacity, Microfarad. The capacity of a condenser 
may be defined as numerically equal to the quantity of electricity 
the condenser will hold when the potential at the terminals is one 
volt. The unit of capacity, in the practical system of units, is the 
farad. A condenser whose capacity is one farad will hold one 
coulomb of electricity if the potential of the terminals of the 
condenser is one volt. Note that the farad is a unit in the practical 
system. The centimeter is an absolute unit in the electro-static 
system. 900,000 centimeters make a microfarad. Instead of using 
condensers whose capacity is farads, we usually use one whose 
capacity is more nearly one millionth of a farad. This is called a 
microfarad. A microfarad is one-millionth, 10~°, of a farad. Some- 
times in radio the unit picrofarad is used. This is a millionth of a 
millionth of a farad, or a micro-micro-farad. The ordinary radio 
condenser may have 500 picrofarads capacity, or .0005 m.f. 

A condenser whose capacity is one m.f. would have to consist of a 
very large number of sheets of metal separated by paper or mica. 

93. Current through a Condenser. In alternating circuits the 
condenser is charged, discharged and charged in the opposite 
direction. This charging or flowing of the charge in and out is 
an alternating current. 

We say that an alternating current will flow through a condenser 
and a direct current will not flow through the condenser. Although 
an alternating current ammeter may show a current flowing, there 
is no current, through the condenser in the sense of an individual 
electron flowing in at one terminal and out at the other terminal. 
When an electron flows in at one terminal, another electron is 
repelled and flows out of the other terminal. It is impossible for 
a particular electron to flow in at one terminal and out at the 
other terminal. 

94. Practical Condensers. A condenser as we have seen is an 
assemblage of conductors and dielectrics (metallic plates and sheets 
of insulating material) arranged in such a manner as to give the 
effect of capacity. Although any assemblage of conductors and 
insulators will have a capacity, we usually want a capacity of a 
certain value, usually in a form which will occupy a small space. 
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95. Glass Plate Condensers. Glass plate condensers are used where 
a small capacity is wanted and where the potential is rather high. 
Their disadvantages are that they are rather bulky and that if they’ 
are subjected to an alternating E.M.F. the glass has considerable 
dielectric loss which causes the temperature to rise to a point where 
the effectiveness of the condenser is impaired. They have the 
advantage that they are cheap to make and if one has access to 


Frcure 6. A variable standard condenser made by Leeds and Northrup Co. 
This condenser can be used as a standard with values from .001 M. F. to 1 M. F. 


old photographic plates, their construction by a student gives 
him a first hand introduction to capacity which is not easily 
forgotten. The metallic plates are usually made of tinfoil, although 
the plates may be made of sheet metal of any material at hand. 

96. Mica Condensers. The best fixed condensers are made with 
mica as the dielectric. Mica is the best dielectric used in con- 
densers. It has a rather large dielectric constant. The dielectric 
strength is large, making a mica condenser able to withstand high 
potentials without puncturing or shortcircuiting. All good stan- 
dard condensers are made with mica as a dielectric. Figure 6 is 
a picture of a standard mica condenser made by Leeds and 
Northrup. This condenser really is a number of condensers placed 
so that they may be placed in parallel by means of the sliding con- 
tacts. 
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Ficure 7. A number of condensers made by the Dubilier Condenser corpora- 
tion. The mush room type in the middle is a coupling condenser used in carrier 
current, wired wireless, systems to permit telephoning over high potential trans- 
mission lines. All others condensers except the small one at the top are used 
in radio transmitters or generators. The large one at the bottom is used in gen- 
erating circuits where the voltage is from 3000 to 12000 volts. 
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97. Fixed Radio Condensers. The small fixed radio condensers 
which are used in radio apparatus are usually mica condensers. 
Two or more small sheets of metal are separated with a thin sheet 
of mica and then are moulded inside bakelite or other material. 
Figure 7 shows a number of fixed radio condensers made by Dubilier 
Condenser Company. The mushroom condenser is a coupling 
condenser for carrier current transmission, Chapter 30, and is 
made to stand high potentials. 

98. Filter Condensers. Filter condensers for B battery elimi- 
nators are usually made of paper or of paper impregnated with 
paraffine or other material for the dielectric. The metallic plate 
is usually made of tinfoil. The better grade of condensers, es- 
pecially for high potential work, are made of mica. In choosing a 
filter condenser the proper capacity must be secured and the 
potential rating or guarantee should be scrutinized. The guarantee 
should be for A.C. po- 
tentials. A condenser 
of this type may stand 
a high D.C. potential 
all right, but heat and 
puncture when used 
under the fluctuating 
potential of the filter. 
The smail radio con- 
densers are often used 
as filter condensers to 
eliminate high fre- Ficure 8. Leyden jars. These particular jar$ 
quency potentials. are connected to inductance of a single turn or 

99, High Potential rectangle of wire. One is a transmitter and the 
Condensers. High po- other is the receiver. The received current is “de- 

tected” when a tiny spark is seen. This experiment 


1 nsers. : ; i i 
tential condense is one of the earliest experiments in electrical 
sicieasewere formerly oy ance: 


used for spark trans- 

mitters were often 

Leyden jars. These were simply glass jars which were coated 
inside and out with tinfoil. The better grades had copper coatings 
which were deposited on the glass by an electrolytic process. 
Figure 8 is that of a Leyden jar. 


HIGH E.M.F, 


TO SOURCE OF 
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100. Oil Condensers. Oil condensers were often glass plate con- 
densers which had one or more glass plates between the sheets of 
metal and the entire condenser immersed in a tank of oil. The 
oil increases the insulation of 
the condenser. An oil conden- 
ser may be an air condenser 
immersed ina jar of oil. Figure 
8 Chapter 21 is an oil condenser 
used for spark transmission. 

101. Impregnated Condensers. 
The condenser may be made 
and impregnated with an in- 
sulating compound with good 
dielectric strength and small 
dielectric or hysteresis loss. 
Many of the condensers in 
Figure 7 are impregnated con- 
Ficure 9. A low loss condenser. This densers. 


condenser has semicircular plates. It is 102. Variable Radio Con- 


a straight line capacity condenser. Note denser sul henvarieble concent 
sturdy structure. Condenser made by the 


Allen D. Cardwell Mig. Co. ser consists of a number of 

semicircular or other shaped 
plates so arranged that alternate ones, rotor, rotate interleave and 
pass between but do not touch the fixed set, the stator. The exact 
construction of these variable condensers varies with the maker. 
The best types are known as the “low loss” type in which the rotor 
rotates in bearings which are in metallic contact with the frame 
of the condenser. The stators of these condensers are supported 
by hard rubber or other insulating material. In this manner the 
bearings can be made with precision and the insulating material 
can be placed at such points that the electric field is weak. The 
type where the rotor is supported by a bearing made of an in- 
sulating bushing or washers is usually rather wobbly and subjected 
to losses due to poor or dirty bushings. 

103. Straight Line Capacity Condensers. The straight line 
capacity condenser is one in which the capacity is proportional to 
the dial reading. One which when the capacity is measured at 
various points on the dial, and when these readings are plotted 
against dial readings a straight line is obtained. The semicircular 
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plate condensers, the only kind made before about 1924, are 
straight line capacity condensers. Since the capacity is propor- 
tional to the surface of the plates, the area of semicircular sectors 
interleaved, is proportional to the dial reading. For experimental 
work these condensers have certain features which lend themselves 
to exact measurements. A straight line capacity condenser, if used as 
the variable condenser in a wave meter, will also give a straight 
line when the square of the wave length and dial readings are 
plotted. This is independent of the coil used and is quite an 
advantage in calibration work. Fig. 9 is a straight line capacity 
Cardwell condenser. 

104. Straight Line Wave Length Condensers. A straight line 
wave length condenser is one in which the plates are so shaped 
that the capacity varies in the right manner to give a straight 
line if wave length and dial 
readings are plotted when the 
condenser is connected to a cer- 
tain coil. If a second coil of 
different inductance and ca- 
pacity is used, the line will not 
be straight. The condenser is a 
straight line wave length only 
when used with coils of certain 
construction. 

105. Straight Line Frequency Ficure 10. A shaped plate con- 
Condensers. This condenser is, denser. Low loss type. The plates may 
, ; : be shaped to give straight line wave 
like the straight line wave length or straight line frequency when 
length-condenser, ashaped plate” used with certain coils. 
condenser. The plates are so 
shaped that the capacity is such that when the condenser is con- 
nected to a certain coil and frequency and dial readings are plotted, 
a straight line is obtained. This is of advantage in broadcast 
receiving, since the transmitting stations are scattered or allocated 
according to frequency. In the older receiving sets the short wave 
stations were very close together on the dial. With a straight line 
frequency condenser the stations are uniformly distributed on the 
dial. The shape of the curve depends upon the coil, and as a usual 
thing the line is not exactly straight. Figure 10 is a shaped plate 
condenser. Figure 11 shows modern variable condensers. 
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106. Vernier Condensers. The vernier condenser is mis-named. 
Someone at some time placed a slow motion device on a condenser 
so that the capacity could be changed very slowly. This person 
had had some experience with a spectrometer or surveying instru- 
ments and remembered that someone had said these instruments 


FicurE 11. 


‘had verniers on them. He also remembered the tangent screws or 
slow motion devices on these instruments and thought the slow 
motion device was the vernier. So a vernier condenser is one in 
which the capacity can be changed very slowly. A vernier is a 
scale so attached along side of the dial so that a small fraction of 
a division can be read accurately. Some dials have verniers 
attached so as to read a tenth of a division of the dial. A con- 
denser fitted with a vernier scale is a true vernier condenser. 

107. Comparison of Capacities. (See “Experimental Radio,” 
Experiments No. 18, 19, 21,22, 23.) 
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The capacity of condensers can be measured in several ways. 
The bridge method is probably the 
most simple. 

The bridge consists of two known 
resistances and two condensers, one 
of which is known. Figure 12. The 
connection is made as in the figure. 
If we compare this to a resistance 
bridge we can say that instead of the 
battery we substitute a source of 
alternating current. Instead of the 
galvanometer we use a _ telephone 2 
head set. 

In Figure 12 when the sound in the 
telephone is a minimum the current 
in the telephone is zero, the potential across the resistance, R; is 
the same as the potential across the condenser C3 or Pd,= Pds3. 
In like manner, Pd,= Pd, The current through the resistance, 
R, is the same as the current through the resistance, Ro. And 
the quantity of electricity in C; is the same as the quantity in C4. 

From the above we have, 4.=J, and 03=(u,. 

Since, Pdy=4Ri and Pd,=IoR, also Pd3=Q3/C3; and Pds= 
Q4/C, we have 1,;R:=Q3/C3 and IoR,=Q,4/Cy. Dividing the last 
two equations one by the other term by term, we have R,/R.= 
(1/C3)/A/Cs) =Cs/Co. 

It is well to note that the bridge ratios are not made up in the 
same manner as when a resistance bridge is used. The ratio is 
made up by taking the arms of the bridge in order as we go around 
the bridge. If the bridge is used to measure resistances we do not 
take the arms in order but jump from bottom to top. 

108. Resistance and Phase Angle of a Condenser. In a good air 
or mica condenser the resistance is very near zero and the current 
in the condenser is 90 degrees ahead of the electromotive force, 
Chapter 4. The phase angle of the condenser is 90 degrees and the 
phase difference is said to be zero. 

In a poor condenser there may be an appreciable resistance in the 
connections, the condenser may leak, and there may be a dielectric 
loss in the condenser. The residual charge of a Leyden jar is due 
to this dielectric loss. If the jar is charged and discharged very 
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rapidly the glass will get hot, showing that there is a dissipation 
of energy which appears as heat. 

Some of these heat losses may be in series with the condenser 
and others may be a high resistance path in parallel with the con- 
denser. A resistance in parallel with a condenser can always be 
represented or the effect duplicated with a resistance in series 
with the condenser. See theory of alternating current. 

If a good standard air condenser is 
compared with a paraffine paper con- 
denser by the bridge method, the mini- 
mum sound in the condenser will not 
be good. The two currents in the two 
condensers are not a maximum at the 
same time. The phase angle of the 
good condenser is 90 degrees and the 
other is less than 90 degrees. If a re- 
sistance box is inserted in series with 
the good condenser in the bridge, 
Figure 13, the phase angle of that branch of the bridge can be 
made to equal that of the poor condenser. 

When the best condition is obtained, then Ri/R,2=C2/Ci=r/p, 
where p is the resistance in the condenser. 

The phase angle of the condenser is 1/(p Cw). Or the phase 
difference is the reciprocal or pCw where w is 21n, n being the 
frequency of the alternating source. For best results a good 
alternating source of pure wave form should be used instead of 
the buzzer. 

The phase difference of a condenser is the difference between 
the phase angle of the condenser and 90 degrees. 


A.C. 


Ficure 13. 


CHAPTER Vil 
INDUCTANCE 


109. Introduction. When a current flows in a wire or a coil it 
produces a magnetic field about the wire or in the coil. When a 
magnetic field changes about a wire or coil there is an induced 
E.M.F. in the wire or coil. The direction of the induced E.M.F. is 
such as to oppose the cause—the current, in this case. Thus we 
speak of an induced back E.M.F. in a coil through which the 
current is increasing. The E.M.F. is opposite to the current when 
the switch is closed, or on ‘“‘make”’ and in the same direction as that 
of the current when the switch is opened, or on ‘‘break.”’ 

The induced E.M.F. in a coil when the current changes at the 
rate of one ampere per second is called the coefficient of induction, 
or the inductance of the coil. In absolute units the inductance is 
numerically equal to the number of lines of force threading through 
the coil when the current is one absolute unit of current, or ten 
amperes. The absolute unit of inductance is the centimeter. The 
practical unit of inductance is the henry. 1 henry =10° centimeters. 
The millihenry is one thousandth of a henry. The microhenry is 
one millionth of a henry. 

If one has a coil and allows the current to increase uniformly 
from zero amperes to one ampere in one second and measures the 
back E.M.F. induced in the coil while the current is increasing, 
then the inductance is numerically equal to the induced E.M.F. 
If the back E.M.F. is one volt, the inductance of the coil is one 
henry. 

110. Inductance of a Solenoid. If in a long solenoidal coil, 
Figure 15, Chapter 1, whose length is so great that the end effects 
can be neglected, or if the ends are at infinity, or perhaps if the coil 
can be made into a large toroidal coil without ends, then the value 
of the magnetic field in the coil will be the same at all points on the 
inside of the coil when a current, J, flows through the coil. 

The field, H, in the coil is H=4anJ=4rNI/l, where N is the 
total number of turns in the long coil and / is the length of the 
coil. 


fl 
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This is often written H=4aNJ/10J. Where J, the current, is 
expressed in amperes. 

To calculate the coefficient of inductance of this coil we will 
calculate the ‘‘back” E.M.F. in the coil when the current changes 
at the rate of one ampere per second. When the current is zero 
the field in the coil is zero. When the current is unity the field 
is 4rN/l, absolute units. The number of lines in the coil is H 
times the area of the coil, or Har?. The total number of lines cut 
is equal to the total number of lines times the number of turns, J, 
or (Hrr?)N. The E.M.F. is equal to L, the inductance, since the 
current is supposed to change from zero to unity in one second. 


4aN An? N?y? 
(eee 
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This is expressed in absolute units of inductance, or centimeters 
of inductance. One henry is equal to 10° centimeters. The value 
calculated by the above formula, must be divided by 10° to reduce 
to henrys. This formula can be written 47°r?n7/. Where 7 is the 
number of turns per centimeter. 

This formula is for an endless coil or for a coil so long that the 
ends do not have an effect. The coil must be long compared 
to the radius—a long slim coil—in order for the formula to hold. 
For an ordinary coil the value will be reduced by ‘‘end corrections.” 

L=47n’r'n*1K, where K is a constant varying as 2r/]. For table 
of correction for ends see ““Experimental Radio,” p. 34. 

After the end corrections are made, if exactness is desired correc- 
tion must be made for the fact that the current is not a “‘current 
Sleeba: 

The calculation of the exact inductance of a coil requires a com- 
plicated formula and considerable time to make the involved 
computation. As a general thing it is better to measure the in- 
ductance by some experimental method. 

111. Coils in Series. If two inductances are connected in series, 
then the self inductance of the combination is L,;-+L» if there is no 
mutual effect between coils. See Chapter IV on Alternating Cur- 
rent, Section 63, for inductances in series and Section 64 for in- 
ductances in multiple. 


112. Mutual Inductance. If a second coil is in the field of the 
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first coil there will be an E.M.F. induced in coil No. 2 by the 
current in coil No. 1, due to mutual inductance. 

Mutual inductance, M, may be defined as follows: The coeff- 
cient of mutual inductance, M, is numerically equal to the electro- 
motive force induced in coil No. 2 when the current in coil No. 1 
is changing at the rate of one ampere per second. The unit of 
mutual inductance is the henry, the same as that for self- 
inductance. 

If the two coils are so situated that all the lines of force from 
coil No. 1 go through coil No. 2, then 


M =47?nyr?ny. 


If two coils are connected together and so situated that there 
is a mutual inductance, MW, between them, then 


L=1,+L,42M 


the positive sign being used when the fields of the two coils are 
in the same direction and the negative sign being used when the 
fields oppose each other. 

From the above — 
it will be seen that 
My, the mutual in- 
ductance, in ‘coil 
No. 2 due to cur- 
rent in coil No. 1 is 
equal to Mas, the 
mutual inductance 
in Coil No. 1 due to 
current in coil No. 
2 Mi.= Mo. 

113. Inductance 
Coils. Every coil, 
in fact, a_ single 
straight wire has 
inductance. Radio 
coils may be in var- 
ious forms depending on the purpose for which they are intended. 
For short wave work the coil may be a single turn of wire bent 


FIGuRE 1. 
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into a circle an inch or two in diameter. Figure 1 shows a wave 
meter for 5 meters. A turn of wire and a variable condenser. 

114. Single Layer Coils. Except for very long wave lengths the 
form usually used is the single layer solenoid, Figure 2, A and C. 
Measurements show that when the single layer coil is wound on a 
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FIGURE 2. 


good hard rubber tube it is, as a general thing, the most efficient 
form. If the tube is made of material of high dielectric loss, the 
resistance of the coil is increased and thus the efficiency is reduced. 

115. Basket Weave Coils. In order to reduce the loss due to the 
form or tube on which the wire is wound, a self-supporting coil 
has been made by winding the coil on a form consisting of an 
uneven number of pegs or nails set ina board, equally spaced ina 
circle. Figure 2 B and D illustrates coils made on these forms. The 
wire is wound in and out alternately, making a basket weave. It is 
then tied with cord or cemented with celluloid. Another form of 
basket weave coil is one in which an uneven number of spokes or 
pins are placed around the circumference of a wooden or metal disc. 
The wire is wound in and out, tied or cemented, and the spokes 
removed. In some a light radial form is used and retained per- 
manently, Figure 2E. These make neat looking coils if they are 
wound carefully and are rather efficient. 
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116. Bank. Wound Coils. Where large inductance is wanted for 
long wave work the coil may be wound with two or more layers, 
Figure 3. This increases 
the capacity of the coil. 
If a coil having twelve 
turns per layer, say, is 
wound, and a_ second 


Spiral fig 
Winding e 


layer is placed on top of ser 5 Dre 

: olenoi 
this layer, the twenty- MaliiplelL aver Winding 
fourth turn is on top of Lee. 


the first turn and the 
potential between these 
two turns is large, mak- 
ing the capacity effect 
large. The capacity of 
the coil is the summation Ficure 3. 
of all these effects be- 
tween all the turns. To avoid some of the increased capacity the 
coils are often bank wound as in Figure 3. Here the potential 
between any two turns of wire is not large. 

117. Honey-Comb Coils. Honey-comb coils are coils which are 
wound in a peculiar manner, zigzag across the coil leaving open 
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FIGuRE 4. 


spaces in order to reduce the self-capacity of the coils. They are 
very convenient and make good receiving coils. They are often 
used in filter circuits where certain bands of frequencies are 
filtered out. 


76 THE FUNDAMENTALS OF RADIO 


118. Transmitting Coils. Transmitting coils carry a relatively 
large current and are usually made of heavy copper wire, rods or 
tubes. As a usual thing the copper is wound on a skeleton form so 
as to make a cylindrical coil. The form is made of bakelite. Dry 
wood impregnated with oil makes excellent forms. The spacing 
between turns is comparable to the diameter of the copper. Instead 
of copper wire sometimes copper bars or ribbon is used. The bar 
is wound in a thin, flat coil and held by supports forming a flat 
coil, sometimes called a pancake coil. Sometimes the bar or ribbon 
is rolled so as to form a spiral, and the coil is in the form of a 
cylinder called an edgewise ribbon coil. 

Figure 4 shows edgewise and spiral ribbon coils. 

119. Toroidal Coils. A toroid coil is a long solenoidal coil bent 
around so the two ends come together, Figure 2F. The coil has no 
end and since the field of a coil is supposed to come out of the ends 
of the coil, there is therefore no field outside this coil. The field is 
uniform and remains inside the coil. If two such coils are placed 
near each other there will be no mutual induction, since there is no 
field outside the coil. For this to be exactly true the current should 
be a sheet of current flowing around the space which the wire is 
supposed to occupy. Since the current flows in the wire and there 
is space between the wire, this is not exactly true and there will be 
some mutual induction or “‘pick up” between two toroidal coils. 

120. Figure Eight Coils. Figure eight coils or binocular coils are 
coils which are supposed to limit the field after the same general 
manner of toroidal coils. 

121. Low Loss Coils. Low loss coils are made in various forms 
which are supposed to have low resistance. Basket weave coils 
and coils wound on skeleton frames are some of the forms which 
have figured as low loss coils. 

122. Iron Core Coils. Where coils of great inductances are 
needed, one henry or more, iron core coils are used. All audio 
transformers and choke coils are of this type. Since the inductance 
is proportional to the number of lines of force, the inductance is 
greatly increased when iron is placed in the coil. The inductance 
is increased to an amount represented by the permeability of the 
iron. Since the permeability of iron depends on the field which in 
turn depends on the current in the coil, the inductance of iron core 
coils is not constant. Iron always introduces hysteresis and eddy 
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current losses. The hysteresis loss can be reduced by selecting iron 


of small hysteresis. 
The eddy current loss 
is reduced by laminat- 
ing the iron in the 
core. Figure 5 shows 
coils and core. The 
iron in transformers is 
laminated by rolling it 
into thin sheets and 
then cutting the sheets 
into strips so the core 
can be built up. The 
thinner the sheet the 
better the lamination. 
Cheap audio trans- 
formers have cores 
which are built up 


FicureE 5. 


from iron sheets which are relatively thick. 


FIGURE 6. 


123. Iron Dust Core Coils. In long wave work coils are some- 
times built with iron cores. In order to reduce the eddy current 
loss the iron is ground into fine particles or dust and then this dust 
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is mixed with a binder 
such as shellac, formed 
and then baked. It was 
said some years ago that 
iron core coils would not 
work in radio circuits be- 
cause the molecules or 
elementary magnets 
could not turn over fast 
enough. It is now known 
that the trouble was in 
Ficure 7. the lamination. The 
eddy current in the core 
was practically equal and 
opposite to the current in the coil and the iron was shielded from 
the field of the high frequency current. 

Figure 6 shows a diagram of the Ruhmkorff induction coil 
which was used in the early transmitting stations. Figure 7 shows 
a Ford coil which is a form of Ruhmkorff coil and was formerly 
used by amateurs in ‘operating small power spark transmitters. 


CHAPTER VIII 
RADIO WAVES; RADIO CURRENT; TRANSMISSION 


124. General Statement. In Chapter 4, Alternating Current, we 
have said that radio current was alternating current of high 
frequency. We have shown a tube oscillator, Figure 1, Chapter 5, 
which generates high frequency or radio current. In this the 
current can be represented by a sinusoidal curve of constant 
amplitude, or a sine curve in which the maximum height of all 
the waves is the same. 

Radio frequency current can be excited in an aerial either 
antenna or coil. Thiscurrent creates certain disturbancesin the ether 
near the antenna. These disturbances are transmitted to distant 
points through the ether in the form which we call electromagnetic 
waves. These waves as they pass by a receiving aerial cause an 
E.M.F. in the aerial. This E.M.F. causes a current to flow in 
the aerial and in the receiving apparatus, provided 
that the circuits are tuned to the same frequency 
as that of the transmitting apparatus. These 
receiving circuits will be seen to be our wave 
meter circuits. 

The current, the E.M.F., and the wave may be 
represented by the same wavy line, or they may be 
represented by different curves of different ampli- 
tude. But the frequency of all the curves must be 
the same. If for any reason the current should differ 
from a pure sine curve, the E.M.F. and the electro- 
magnetic wave will differ in the same manner. At 
times we may speak of a wave when we mean the : 
current which caused the wave in space, or perhaps Ficure 1. A 


: : modern screen 
we mean the current in the receiver produced by the —, 
grid tube for 
wave. 


alternating 
125. Continuous Wave Transmitter. The apparatus camrent? 


in Figure 1, Chapter 5, gives current of constant 
value or amplitude and might be called a C.W. transmitter, C.W. 
standing for the words continuous waves. If a key is placed in the 
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circuit so as to open and close the circuit we have I.C.W., inter- 

rupted continuous waves. If by some device the amplitude of the 

current or-value of the current is made to change rapidly, we have 
modulated continuous waves or M.C.W. 

Figure 2 gives diagrams illustrating 

C.W., I.C.W., M.C.W., and also 

damped waves. Damped waves can 

Continuous Wave be seen to be a mixture of I.C.W. 


and M.C.W. 
Mh MK, \ nN 126. Damped Waves. Historically, 
J damped waves or current were the 


Intermittent Continuous Ware LCW. 


first used for transmitting radio mes- 
sages. The generation of current of 
this type or form depends upon the 

SW \UU*~ oscillatory discharge of a Leyden jar. 
Modulated Continuous Wave MCW Phe jar is charged up and then is 


discharged through an Inductance. 
If the resistance is not too large the 
discharge is oscillatory. If a pen- 


Damped Wave park 


dulum is given a big push and left 

FIGURE 2. alone it will vibrate and gradually 

die down. If a pen or pencil were 

fastened to the pendulum and a piece of paper were moved at right 

angles to the vibration, a line would be drawn which would be the 
same form as that which represents a damped wave. 

127. Generation of Damped Waves. The subject of damped waves 
will be taken up later in more detail. Suffice it to say that the 
equation of the current which produces a damped wave is 
I=Ioe~*'sin wt. The curve is a sine curve in which the amplitude 
diminishes logarithmically with time. The ‘‘spark”’ stations which 
were used on ships and by amateurs before 1920-23 were damped 
wave stations. Figure 3 is a diagram of a spark sending station. 

128. Buzzer Excitation. In experimental work it is convenient 
in using a buzzer connected to a wave meter in order to generate 
high frequency oscillations. These oscillations are exactly the 
same as those produced by a spark station. The connections are 
shown in Figure 4. ZL and C represent the wave meter. A buzzer 
in series with a dry cell is connected to the terminals of the coil. 
A buzzer works on the same principle as a door bell and opens and 
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closes the circuit several times per second. When the current is 
flowing through the coil the potential of the point, a, is higher 
than that of the other terminal. The condenser C is then charged 
to a potential whose value is a fraction of a volt. When the buzzer 
opens the circuit the condenser discharges through the coil 
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FIGURE 3. 


and the discharge is oscillatory. The frequency of the oscillation 

depends on the value of L and.C. The exact value of is 

n= (1/27)/(1/CL) — (R2/4L). (See Chapter 21.) When the re- 

sistance, R, is small enough to be neglected, the frequency becomes 
1 
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This is the same formula for frequencies as that of a C.W. circuit 
when tuned to resonance. 
If we have resistance, inductance and capacity in an alternating 
circuit the equation for the current is 
E 
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If the inductance is zero, then 


ieee 
/R?+(1/Cw)’ 
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The reactance is 1/Cw instead of Lu, as it is when a coil is in the 
circuit. The condenser causes a phase angle but this is positive 
instead of negative, as the angle is when inductance isin the circuit. 

When the resistance as well as the inductance is zero, the equa- 
tion for the current is = Cw and the phase angle is 90° positive. 

If the resistance is zero and the capacity is infinite so that we 
have inductance alone in the circuit, the equation is J = E/Lw and 
the phase angle is 90° negative. 

The vector diagrams for resistance and capacity are exactly 
like those for inductance and resistance except the reactance is 
now J/Cw and the phase angles must be considered to be positive. 
The graphical solutions are exactly the same. See Chapter 4. 

In radio we always have resistance, inductance and capacity 
and the current, 


E 
pe = ZA ; 
VR?+ (Lw—1/Cw)? 


The reactance is (Lw—1/Cw). The phase angle is positive or nega- 
tive depending upon whether the capacity or the inductance plays 
the predominant part. 

If Lw=1/Cw then the reactance is zero and the current is a 
maximum, or /= E/R and the phase angle is zero. 

If Lw=1/Cw then, w=1/./CL. Since w=2rn, n=1/(24-/LC). 

In any vibrating body the natural frequency is that in which a 
small cause will produce the greatest effect. (A small tapping 
with a lead pencil will finally produce an appreciable amplitude 
in a heavy pendulum.) The natural frequency of a circuit is that 
given by n=1/(27+/LC), because the current at that frequency is 
the greatest. 

129. nis not the Frequency of the Spark. It must be remembered 
that the frequency, m, in damped waves, 
refers to the frequency of the oscillatory 
circuit and not to the frequency of the 
buzzer. The buzzer frequency or spark 
frequency determines the number of 
groups of waves or the number of 

tenes bunches of oscillations per second. Each 
time the buzzer opens the circuit the 
current oscillates through the coil a number of times with a fre- 
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quency, m, and dies down to zero. Then there is a relatively long 
time when there is no current. This is illustrated in Figure 4, 
Chapter 21. 

If the current oscillates one hundred times before it becomes zero 
and the buzzer opens the circuit 100 times, then there is current 
in the coil one per cent of the time if the frequency, 7, is one 
million vibrations per second,—300 meters. 

When discussing the theory of vacuum tubes it is convenient to 
represent the radio current, waves, or E.M.F. by a damped sine 
curve. This can be considered to be a particular kind of modulated 
C.W. wave. In actual practice at the present we deal with 
modulated waves much more than w:th damped waves. 


CHAPTER LX. 


DETECTORS 


130. Why Need a Detector? In radio telegraphy and radio tele- 
phony alternating current is used., The telephone is the most simple 


and sensitive instrument 
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for the detection and measurement of 
small alternating currents. The tele- 
phone depends upon the human ear 
to estimate the current strength. 
The frequency range of the telephone 
as used is limited by the frequency of 
the human ear. The upper range of 
the human ear varies with different 
persons but may be placed at less 
than 30,000 cycles per second. Most 
telephones with heavy diaphragms 
do not respond very loudly at the 
higher audible ranges. With a fre- 
quency of perhaps 20,000 cycles to 
50,000,000 cycles per second the 


telephone by itself will not respond audibly. 
If an alternating current of one million cycles passed through a 


telephone one of two things happen— 
either the diaphragm will vibrate or it will 
not vibrate. In either case the ear will not 
respond. Assume we are listening to a 
damped wave, spark station, Figure 1. 
The signals or currents in the receiving 
aerial can be represented as in Figure 2. 
The current through the receiving appa- 
ratus is damped alternating current which 
is made up of groups of perhaps one 
hundred oscillations at a frequency of one 
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Current through Detector 
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FIGURE 2. 


million cycles per second. After a relatively long interval, one 
ten thousandth part of a second, there is another group, there 
being perhaps one hundred of these groups in a second. Figure 4, 
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Chapter 21 gives an idea of the relative time. If this current fre- 
quency was ordinary 60 cycle per second and passed through an 
ordinary D.C. ammeter the needle would in all probability remain 
fixed at zero. If the moving system were light enough it would 
vibrate about zero. On the average the current which flows in 
the positive direction is just equal to the current which flows in 
the negative direction. If a rectifier is placed in series with the 
ammeter, then there will be more current flowing in one direction 
than in the other, and the ammeter will give a deflection showing 
a direct current. This is because the rectifier conducts better in 
one direction than in the other, and the current in the negative 
direction is much smaller than the current in the positive direction. 
All storage battery charging devices which charge the battery 
from alternating current have some such device which acts as a 
Meciider, 

The rectifier in series with = m 
the telephone in radio circuits al ae 
is called a detector. There are 
many detectors which have 
been used. The two in common 
use today are the crystal; de- 
tector and the tube detector. 

131. Crystal Detector. Many 
crystals have the property of 
conducting better in one direc- 
tiem than ain the other, The 
crystals in common use are 
galena, carborundum, silicon and zincite. Figure 3 shows a 
crystal detector with a “‘cat whisker.” It is said that a piece of 
common coal will act as a detector to some extent. Crystal 
detectors were used in all receiving sets before the introduction of 
the vacuum tube—from about 1906 to 1920. 

Crystal detectors are used at the present time as “crystal re- 
ceivers” for receiving from local broadcasting stations and in wave 
meters, Their simplicity and cheapness, as well as their fair efh- 
ciency, commend them. 

132. Curved Characteristic. All detectors have a curved charac- 
teristic. If we measure the resistance of a crystal and then reverse 
the current and measure again we get another value. As a general 
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thing the resistance depends upon the value of the current as well 
as the direction of the current. Since resistance is the ratio of E 


CURRENT 
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FIGURE 4. 


to J, if we plot the potential across the 
crystal as abscissas and the current as 
ordinates we will get a straight line if the 
resistance is constant and a curved line if 
the resistance changes with current. 
Figure 4 is such a curve, assuming the 
resistance changes with direction of 
current. Figure 5 is the usual form of the 
curve showing that the resistance changes 
with the value of the current. Figure 5 
gives the characteristic curves for a car- 


borundum detector. In the carborundum 


50 


crystal the point of greatest curvature is 
at a potential of about .8 volts. If a 
battery or potentiometer is placed so as 
to place a positive potential of .8 volts on 
the crystal all the time, the efficiency of 


40 


30 


this detector will be increased. 
133. Simple Crystal Receiver. Figure 1 
is a diagram of a simple, 


receiver. The primary 


10 


Micro-Amperes 
20 


0 


: q 8 12° 16) t0 
two coil crystal Volts 


or aerial circuit Ficure 5. 


So 


is tuned to the transmitting station by 


FIGURE 6. 


Potential on 1 Crystal 


means of the sliding contact on the 
coil in the aerial circuit and the 
secondary circuit is tuned to the 
same frequency by the condenser, C. 
The Pd across the condenser is the 
greatest when the current is greatest. 
The Pd across the condenser is also 
that across the phone and crystal 
which are in series. When the Pd is 
positive more current flows through 
the phone circuit than nen ‘the’ we) is 
negative. ‘= Er 

The wavy lines which ue ah repre- 
sent what are called damped waves. 
If Figure 6 represents the charac- 
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teristic curve of the crystal and if the potential across the crystal 
fluctuates as is represented by the damped wave about the line ad, 
when the potential is positive the current is represented by theline f. 
When the potential is negative the negative current is represented 
by the line g. It will be seen that the positive current is greater 
than the negative value and there is an increase of current through 
the phone in the positive direction. Figure 2 in connection with 
Figure 6 will explain. 

The first group or bunches of wavy lines in Figure 2 represents 
the current in the aerial, also the Pd across the condenser. The 
second line of waves represents the current through the crystal. 
The current in the upper half or positive half is greater than in the 
negative half. The curve is a damped sine curve with the lower 
half cut off. The third line represents the average current through 
the phone. The average current in the phone when no signal is 
being received is zero. The ‘‘average”’ current pulsates, or comes 
in pulses of current,—one pulse for each group of waves which 
pass over or by the aerial. The actual current through the tele- 
phone will be the same form as the current through the crystal 
unless it is ‘‘smoothed out” or “‘ironed out’’ in the same manner as 
the current in B battery eliminators is filtered out. This is done by 
placing inductance in series and capacity in parallel. 

A condenser is often placed across the telephone or across the 
crystal. More often these are omitted. The telephone is a coil 
of wire wound on an iron core, thus it is an inductance. The 
telephone cords are two wires which are close together and have 
capacity. This capacity and inductance is large enough to smooth 
the current out. Each bunch of waves passing over the aerial 
causes a pulse of current through the phone and the ear hears 
a click. If there are 100 bunches per second, the ear will hear 
100 clicks per second, which will give a musical tone of frequency 
of 100. 

134. Action of the Telephone. Another way of explaining the 
action of the telephone and detector is to assume that the telephone 
will vibrate at radio frequency. The telephone consists of a perma- 
nent magnet with a coil of wire wound around the pole. Current 
through the coil either strengthens the magnet or weakens it 
according to the direction of the current. Figure 7 is a diagram of 
a simple phone which has a bar magnet. The diaphragm is drawn 
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down toward the pole and made concave (much magnified in the 
diagram). When there is no current in the phone the diaphragm 
is in the position at A. If 
radio frequency current passes 
through the phone the vibra- 
tion is about the mean posi- 
tion A. Since the mean posi- 
tion is the same as when there 
iss no Current, therer is 10 
audible sound. If the current is rectified, or detected, more radio 
frequency current passes through the phone in the positive direc- 
tion than in the negative direction and the average value of the 
strength of pole is increased and the diaphragm oscillates about 
the average position shown at B. The change of the average 
position from A to B gives an audible click. 

135. General Theory of Rectification. Let I=f,V) where I is 
the normal or steady current and V is the potential on the recti- 
fier. Then, 7+i=f(V-+e) where 7 is the rectified current and e 
is the potential of the signal, where e=éo sin wt. By Taylor’s 
expansion, if J=/(V), 


Ei (Ver) eey 2 AV). ee Sie) ce 


where f’(V), etc, are the derivatives of f(V) with respect to V. 
Then since 


FIGURE 7. 
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The average value of i is the average value ef/(V)+ [e/2] [f’’(V) | 
Since e¢=€éo sin wt, the average value of e is zero, and the average of 
e” is 9/2, or the root mean square of a sine function. The average 
of e=0, 

The rectified current is the mean value of 7 and mean 
t= (e9?/2) (1/2) (a? /dV?) = (e92/4) (d2I /dV"), powers higher than 
the third being neglected. 
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€o) is the maximum value of the signal potential and is pro- 
portional to the virtual value of the potential of the signal, since 
the signal is an oscillatory potential. 

Referring to the characteristic of the detector, J is the point on 
the curve at 0, Figure 4, d//dV is the slope of the curve at 0, 
d*[/dV" is the rate of change of the slope, or d?7/dV?is the curva- 
ture of the curve at 0. 

This shows that the signal current is proportional to the square 
of the potential and is also proportional to the curvature of the 
characteristic curve. 

If the characteristic curve is a straight line, d//dV is constant, 
the rectified current is zero and no signal is received. 

To get loud signals the high frequency current should be ampli- 
fied and the detector characteristic should have a large curvature 
and the detector potential should be adjusted so as to operate 
at the point of greatest curvature. An amplification of ten at 
radio frequency is equivalent to an amplification of a hundred at 
audio frequency, since the detected current is proportional to e?. 

136. Detector Receiving M.C.W. 
When the radio frequency current 
is modulated continuous current or 
or M.C.W. such as that in a radio Peete | (LE NALD 
telephone, the action of the detector Te roanigitatentrat 
is illustrated in Figure 8. The action 
is identical with that when damped =o quay 
waves are received. We have the 
incoming signal which is impressed Gee ed CRC Sin 
on the detector, then the current Ag aes 
through the crystal which has the Sa 
same form as the potential except Average Current Through Telephone 
that the negative part has been 
reduced or cut off, and then we have 
the rectified current flowing in the positive direction through 
the telephone. This is changed into a varying direct current from 
the deformed oscillating current through the smoothing out action 
or filter action of the inductance of the phone and the capacity of 
the telephone cords. Figure 8 is drawn for a tube detector. If a 
simple crystal is used the current through the telephone is zero 
when there is no signal. 


FIGURE 8. 
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It will be noted that when the radio current is not modulated, as 
from a tube, there is current through the telephone but it isconstant 
current. A constant current produces no sound in a telephone. 
We hear nothing unless the radio current is modulated. 

The theory and explanation applies to crystal detectors, vacuum 
tube detectors, or to any detector, which depends upon curvature 
of its characteristic. 

137. Choppers or Tone Wheels. In the early days all transmission 
was by means of damped waves and all receivers were crystal re- 
ceivers. Some of the more powerful transmitting stations began 
using high frequency generators and arc transmitters which 
generated current of constant amplitude and were known as C.W. 
stations. If a continuous wave is received by a crystal detector, 
as has been shown in the first part of the diagrams of Figure 8, 
the current through the telephone is constant and no noise or 
sound is heard. These stations transmitted the Morse code, dots 
and dashes. If the station is received on a crystal, the current 
through the phone rises to a certain value for a certain time for a 
dash, then dies to zero when the key is open and then rises to the 
same constant value and continues for a shorter time if a dot 
is sent. The only thing heard is a click at the beginning and 
at the end of the dot or dash. These clicks were confused with acci- 
dental noises and the code could not 
be read. 

In a convenient part of the trans- 
mitting circuit a key or wheel with 
contacts operated by a motor, was 
placed so as to open and close the circuit, 
perhaps 500 times per second. This 
L, ‘|C crystal F “chopped”? the continuous wave into 
small sections lasting 1/500 part of a 

second. The transmitting station was 

then said to be an interrupted contin- 

uous wave station, or an I.C.W. station. 
FIGURE 9. Thus the current in the phone increased 

to a certain value and then decreased to 
zero 500 times per second and produced 500 clicks per second, 
which produced a musical note. This musical note was heard as 
long as the transmitting key was held down. 


Chopper 


l 
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Instead of chopping the signal at the transmitter, a key or wheel 
can be placed in the receiving circuit as in Figure 9. The action 
of the chopper and a crystal receiver is shown diagrammatically 
in Figure 10. At the present time a large percent of the trans- 
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FicureE 10. 


mitting radio telegraphy stations use continuous waves. If one 
wishes to receive with a simple detector, such as a crystal, it will 
be necessary to use a chopper. Very few transmitters use choppers 
at the present time. 


CHAPTE REX 
VACUUM TUBES 


138. Introduction. The year 1915 is remarkable for two things. 
In February the first long distance telephone message was trans- 
mitted from New York to San Francisco, and in September the 
first radio telephone message was transmitted across the United 
States. 

The success of these two epochs in speech transmission was due 
to the same thing—the three electrode vacuum tube. 

Before 1915 it was not possible to telephone long distances be- 
cause there was no means of amplifying speech which was free 
from distortion. It was possible to telephone from New York to 
Chicago but not from New York to San Francisco. In wire 
telegraphy electro-magnetic relays are used to control a local cir- 
cuit which is capable of working a sounder, and this relay may 
work a circuit which transmits the signal a few hundred miles 
farther. 

In telephony this relay or amplification can not be repeated with 
magnets or electromagnetic devices indefinitely, since after 
one or two amplifications the speech is distorted so much that it is 
unintelligible. The vacuum tube is a device which amplifies all 
frequencies with little distortion. 

Historically the origin of the vacuum tube began with Edison. 
In 1884 Thomas Edison noticed that a third wire or terminal in an 
incandescent lamp became charged with a negative charge. In 
1895 J. A. Fleming studied the Edison effect and found that 
terminals in tubes or bulbs in which there was an incandescent 
filament became negatively charged if there were no intervening 
objects between the terminal and the filament. 

In 1904 Fleming patented the two electrode tube. In 1906 
De Forest patented the grid, or the three electrode tube. 

139. Two Electrode Tube. The two electrode tube consists of 
a filament which is surrounded by a plate. If the filament is a 
straight filament the plate is a hollow cylinder placed around the 
central filament. If the filament is V shaped or more or less flat, the 
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plate consists of two sheets of metal, one placed on either side of 


the filament. 


In general, a two electrode tube looks like the usual 


three electrode tube with the grid removed. The 280 and 281 


rectifier tubes are two electrode tubes. 
electrode tube. 

When the filament is heated the plate at- 
tracts the electrons if the potential of the plate 
is positive. When the potentialis negative the 
plate repels the negative electrons. If the plate 
is connected to an alternating potential the 
electrons move to the plate during the positive 
| half of the cycle only. 
Instead of an alter- 
nating current through 
the tube there is a 
flow into the plate and 
across to the filament. 
The two electrode 
tube was first used as 
a detector, since cur- 
rent flowed through 
the telephone which 
was in the plate cir- 
cuit only when the 
signal was received, 

FicurE 2. the principle being 

very much like that 

of the crystal detector. The two electrode tube 
was then a rectifying device used for detection in 
place of the crystal detector. It was about as 
efficient as the crystal and cat whisker, but was 
more reliable. It did not loose its “‘sensitive spot.” 
The characteristic curve of a two electrode 
tube is very much like the curve of a crystal 
detector. It may be used as a detector using 
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Figure 1 is a 280 two 


Ficure 1. A 
modern two 
electrode tube. 
This tube is a 
rectifying tube 
used to rectify 
alternating cur- 
rent. This par- 
ticular tube rec- 
tifies both sides 
of the wave 
when connected 
to a central tap 
transformer. It 
has three con- 
nections but is 
a two electrode 
tube. It has no 
gnid. 


the curved characteristic, or it may be used as a rectifier using 


the stopping of the negative current. 


The current from a two electrode tube has been shown by 
Langmuir to obey the following equation: T=f(V*"), Figure 2 


is a curve showing this relation. 
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140. Three Electrode Tube. The three electrode vacuum 
tube, triode, audion, or other names ending in “‘-on,” or simply 
tube, for short, consists of an 
ordinary filament, as is found in 
small electric lamps such as auto- 
mobile lamps, around which is 
placed the grid. This grid may 
consist of a coil of very fine wire, 
or it may consist of a screen or 
mesh made of fine wire. Around 
the grid the plate is placed. The 
plate consists of a sheet or cylin- 
der of metal. 

Figure 3 shows Western Elec- 

Ficure 3. Western Electric tubes. tric tubes. In these tubes at 

The filament grid and plate can be is easy to see the filament grid 
seen in these tubes. and plate. Figure 4 also shows 

a cut out diagram of a modern 
tube. All tubes are of the same general construction. In many 
tubes the plate surrounds the grid and fila- 
ment in such a way that one cannot see the 
construction. 

When ordinary metals are heated up to 
a certain temperature, usually near white 
heat, they give off electrons. Figure 5 is a 
curve showing the relation of current to 
filament temperature. 

In an ordinary tungsten lamp the elec- 
trons evaporate out of the filament and in 
a short time they fall back into the filament. 
In the audion, the plate is kept at a positive 
potential with respect to the filament and 
the electrons are attracted to the plate; 
then there is a constant stream of electrons 
from the filament to the plate, which means _ Ficure 4. Adraw- 
that there is a current flowing from the plate ine shoving teen 

- i side of the plate of a 
to the filament across the vacuum space of modem tube. 
the tube. 


The grid is made of very small wire and practically all the elec- 
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trons pass through the meshes of the grid, so that the grid current 


—- ee 


B 


Melting Point 
of Tungsten 2800°C 
re 


Ef 


6 


=I 


5 


J 


« 


nee 


Amperes per Square Sentimetre 


2000 Z100 2200 2300 2400 2500 
Absolute Temperature degs, K 
(127 1827 927 toeT «AIR 2227 
Degrees Centigrade 


FIGURE 5. 


is very small. 

141. Space Charge. As the plate po- 
tential is increased the current increases 
until all the electrons are used in pro- 
ducing the current. This increase is due 
to the space charge. Between the fila- 
ment and plate there is a stream of elec- 
trons moving toward the plate. These 
electrons are charged negatively and 
repel the electrons near the filament. 
As the plate potential is increased the 
electrons move faster and the number in 
the space is diminished. This diminishes 
the space charge. Figure 6 shows the 
action of the space charge and the grid 
potential on 


the electrons. In this way the grid 
potential acts as a control of the 
plate so that a small change in the 
grid potential produces a large 
change in the plate current, there- 
fore there is amplification. 

142. Connection to Tube. The 
tube is usually diagrammed as in 
Figure 7. The loop represents the 
filament, a wavy line represents 
the grid, and 
a straight line 
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FIGURE 7. 


represents the plate. 

A storage or dry battery of one and one- 
half, four or six volts or more, is connected 
as an A battery, to the filament with 
a controlling resistance in series. The 
plate is connected to a B battery of 
twenty-two volts or more. The nega- 


tive terminal of the B battery is usually connected to the 
negative end of the filament. The grid is connected to the same 
negative terminal of the filament. Make all connections to the nega- 
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tive terminal of the filament, is a good rule to follow. If connections 
are made to both legs, there is danger of getting the B battery 
across the filament and destroy- 
ing the tube. If the current in the 
plate circuit is measured as the 
potential of the grid is changed, it 
is found that the curve is as in 
Figure 8. The curve usually 
consists of three parts—a straight 
line in the middle and a short 

Jitu]. curved portion on each end. 
ee Due to this change of the 
ae ee character of the curve, the tube 

can be used as a detector if it is 

worked on the lower curved por- 

tion of the curve, and as an 

amplifier if worked on the straight portion. As a general thing 
there is more or less amplification when there is detection. 

The tube as now manufactured has four terminals, which fit 
into a special spring or clip socket. At one point on the base of the 
tube a short rod 
or bayonet ex- 
tends and when 
the tube is pressed 
down fits into a 
groove in the 
socket. A slight 
turn to the right 
locks the tube, in 
the old fashioned 
spring» socket, 
Place the tube on 
the table in an upright position with the locking projection or bay- 
onet on the opposite side of the tube from you. Then the two front 
terminals of the tube are the filament terminals, the left one at the 
back is the grid terminal, and the one at the right back is the plate 
terminal. The sockets are usually marked F—, F+, G, and P, as 
in Figure 9. The standard base is convenient, but it has a 
disadvantage in that the capacity of the tube is rather great, and 
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in that the lead wires through the base are close together and there 
is danger of short circuit if the plate potential is high. Figure 9 
also shows a five prong base. 

143. Hard and Soft Tubes. Tubes as manufactured now are 
known as soft or hard tubes. The vacuum in soft tubes is not as 
good as in the hard tubes. Soft tubes are also known as gas tubes. 
In these a considerable amount of air or other gas is left in the tube. 
When the plate potential exceeds a certain amount in these soft 
tubes the plate current suddenly increases and a peculiar blue glow 
is seen between the grid and filament. This is caused by ionization 
by collision of the electrons with the gas atoms. Figure 10 shows 
a number of early tubes. 

Soft tubes make good de- 
tectors but the adjustment of 
the grid and plate potentials for 
the best condition is rather 
ctitical-=) The 200A tube isa 
tube which has a trace of cae- 
sium in it. Hard tubes are al- 
ways used when amplification 
is wanted. 

At the present time, the most 
common tubes in use are the 
201A tube, the 199 tube and the 
200A detector tube, which are 
designed for direct current, and | 
the 226 and 227 tubes designed - . 
for A.C. on the hlament, the A. Fleming valve bye hoe “N”’ triode 
screen grid tube, and several B. DeForest “audion” D Marconi “Q” triode 
power tubes. There are many 
other tubes used as power tubes and transmitter tubes. The 
general characteristics of all three electrode tubes are the same. 
The first three tubes mentioned above have thoriated filaments. 
The filaments are made of tungsten in which a certain amount of 
thorium or thorium oxide has been mixed when the tungsten was in 
the molten state. This thorium diffuses to the surface and when 
heated to a dull red heat, gives off electrons copiously. 

_ In tubes in which the filament is pure tungsten the temperature 
of the filament must be raised to a white heat before the electrons 
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are “evaporated” out. Certain substances such as ordinary lime 
give off electrons at a low temperature. Some tubes have treated 
or coated filaments. A filament coated with ordinary lime will 
serve the purpose until the lime burns or drops off. Cheap tubes 
with treated filaments work well at first but soon lose their power 
of electron emission. The best treated or coated tube is liable to be 
injured if the filament is heated to a white hot temperature. 

144. Tube characteristics. A tube characteristic or characteristic 
curve is a curve which shows the characteristic of the tube. A 
study of the characteristic curve will show how a particular tube 
operates. 

In the operation of a tube we have, (1) the filament current, 
(2) the plate potential, (3) the plate current, (4) the grid potential, 
and (5) the grid current. All of these are more or less related one 
to the other. The filament current, plate potential and the grid 
potential are under our control. If either of the three is changed, 
the plate current and the grid current are, in general, changed also. 

To obtain the characteristic, connections are made as in 
Figure 11. The filament current is furnished by a battery known 
as the A battery. The filament current is measured by the am- 
meter in the filament circuit. Instead of an ammeter to measure 
the current a voltmeter may be 
placed across the terminals of the 
filament and the filament voltage 
measured instead of the filament 
current. The normal or maxi- 
- mum filament current and fila- 

ment voltage can be found from 
Seca “oe data furnished by the makers of 
Freure 11. the tube. 

The battery in the plate circuit 
is known as a B battery. The potential of a good B battery will 
remain constant." This potential can be measured once for all 
or it can be taken as the value marked on the battery if the 
battery is in good condition. The plate current is measured by 
means of the ammeter or milliammeter in the plate circuit. ‘The 
battery in the grid circuit is known as the C battery. The value 
of the grid potential is varied by making connection to various 
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parts or taps on the battery so as to include one, two, or more 
cells, or by means of a potentiometer, as shown in Figure 11. 
The potential of the grid is measured by means of the voltmeter 
placed between the tap and the fixed connection. The grid current 
is measured by means of a microammeter or a galvanometer placed 
in the grid circuit in Figure 11. 

There are four characteristic curves: the filament current—plate 
current, or filament characteristic; the grid potential—plate current, 
or mutual characteristic; the grid potential-grid current, or grid 
characteristic, and the plate potential—plate current, or plate 
characteristic. These are curves in which the first quantity named 
is plotted along the X axis as abscissa (along the horizontal axis) 
and the second is plotted along the Y axis as ordinates (along the 
vertical direction). Thus in the filament current-plate current 
characteristic filament current is used as abscissa and plate 
current is used as ordinate. 

145, Filament Characteristic. To obtain the data to plot the 
filament current—plate current curve, the grid may be free, that is, 
it is not connected to anything, or the 
grid can be connected to the regular 
filament connection, Figure 7. <A 
B battery of known potential 223 
volts, say, is placed in the plate circuit 
and the values of the plate current are 
read on the milliammeter as the fila- 
ment current or potential is changed 
by means of the rheostat in the fila- 
ment circuit. The filament current 
is set to a certain value and the cor- 
responding plate current is read. These 
readings are recorded, the filament 
current is changed to a larger value 
and the plate current read again. Ficure 12. 

This operation is carried out until the 

filament current isthe normalrated value. When this data is plotted 
a curve like the 22% volt curve in Figure 12 is obtained. A larger 
B battery can be placed in the plate circuit and readings taken 
again. When these readings are plotted a curve like the 45 volt 
curve is obtained. These curves show that the plate current is zero 
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until the filament current has reached a large percent of the normal 
value and increases as the current or temperature of the filament 
increases. They show that with increased B potential the plate 
currents start from the same point but rise to higher values as the 
B battery is increased. 

This curve is really a curve showing the variation of current 
with temperature. 

The shape of the filament characteristic can be explained in terms 
of the space charge. If a filament is heated as in the case of an or- 
dinary incandescent lamp, electrons evaporate out of the filament 
but the space soon becomes filled or saturated and other electrons 
are repelled by this space charge and fall back into the filament. As 
many fall back as evaporate out. A closed space over water soon 
becomes saturated with water vapor and as many molecules of 
water fall back as evaporate out. The action is the same with a 
filament when there is no charged plate. When the plate is 
charged positively and the temperature of the filament is low there 
are few if any electrons evaporated, and if there are any they are 
attracted to the plate almost instantaneously and there is prac- 
tically no space charge. There are no electrons in the space between 
filament and plate. As the temperature rises the number of elec- 
trons evaporated out increases and the current increases with the 
number. As the number increases, although any one electron may 
move very fast, there are always an appreciable number of electrons 
in the space between filament and plate. Figure 6 illustrates this 
spacecharge. This has its effect and repels the evaporating electrons 
which increase more and more until the number is such that the 
current becomes nearly constant, independent of temperature. 
This is the upper bend on the curve. If a higher potential is used 
on the plate the curves are nearly the same for low temperatures, 
but the current increases to a higher value before the space charge 
hinders the current appreciably. 

If the grid is at the same potential as the filament the space 
between filament and grid is filled with a space charge. Making 
the grid positive moves these electrons toward the grid to the 
point where they are accelerated by the plate potential and thus 
the plate current is increased. When the plate potential is high 
the electrons are accelerated by the plate potential even if the 
grid is negative enough to keep the electrons from hitting it; i.e., 
when the grid current is zero. 
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146. Mutual Characteristic. In the grid potential plate current 
characteristic or mutual characteristic, the filament current is 
held at some fixed value, generally the normal value as given by 
the manufacturers of the tube. The plate potential is kept constant, 
the potential of the grid is changed by steps and the corre- 
sponding plate current is read. The connections are made as in 
Figure 11. While taking 
this data the microamme- 
ter in the grid circuit can 
be read at the same time 
and data for the grid char- 
acteristic can be obtained. 

It is a great convenience 
if a reverse key is placed 
in the grid circuit as shown 
in Figure 11, so that the 
potential of the grid may 
be made both positive and 
negative. The potential of 
the negative terminal of the filament is usually taken as zero. The 
reverse key should be turned so as to make the grid negative and re- 
duce the plate current to zero and then gradually change the potential 
until the plate current becomes constant taking reading at regular 
intervals. When this data is plotted we have a curve like Figure 8. 
If the plate potential is changed in steps and the data taken we 
get a series of curves which are more or less parallel. It will be 
noted that these curves move toward the left as the plate potential 
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is increased. 

147. Grid Characteristic. If the readings of the microammeter 
in the grid circuit of Figure 11 are read and plotted as ordinates 
against the grid potential as abscissas we have the grid potential— 
grid current curve, or grid characteristic. The absolute value of 
the grid current is of no particular value. The position of the origin 
of the curve and its general shape is of importance. Galvanometer 
readings may be plotted instead of absolute values of the current. 
Two curves are shown in Figure 13. It will be noted that these 
curves start from practically the same point and move toward the 
right. 
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148. Plate Characteristic. The plate potential plate current char- 
acteristic curve can be obtained by using the connections given in 
Figure 11. The potential of the grid can be set to a particular value 
and then the plate current can be read by the meter in the plate cir- 
cuit with various values of the B battery; i.e., 225, 45, 673, 90, etc., 
volts, and the values plotted as in Figure 14. Instead of taking new 
readings the values can be taken off of the mutual curves if they 
have been constructed. The potential of the grid in the mutual 
characteristic curve can be assumed to be zero and the values of 
the current read off at the points where the various curves cross 
the vertical line HE, =0. These values can be plotted as in Figure 14 
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and we have the curve £,=0, then the values can be read off where 
the grid potential is another value, Ek. = —25 volts, and we have 
data for the plate characteristic E,= —25. 

Figure 15 is a Jewel instrument set up for taking the character- 
istics of a tube. The connections are given diagramatically in 
Figure 16. With this apparatus all the curves can be taken. 
Changes from one connection to another are made with switches. 

149. Use of Characteristic Curves. The plate characteristic is 
convenient when computing the power output of power tubes. 

The mutual characteristic is the one usually referred to. It 
will be noted that the curve consists of three parts, a curved por- 
tion at the bottom, a nearly straight portion and usually a curved 
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portion at the top. It may be impractical to run the curve high 
enough to obtain the curved upper portion. 


Ficure 16. 
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The lower curved portion, together with the lower curved 
portion of the grid characteristic, are used to explain detection 
and the straight line portion is used to explain amplification. A 
detector tube should be adjusted by means of grid potential; i.e., 
C battery, or grid condenser and grid leak so as to operate on the 
lower curved portion of the curve. An amplifying tube should be 
adjusted to operate on the straight line portion of the curve, be- 
tween limits such that there is no grid current, and such that the 
lower curved portions of the curve are avoided. 

150. Reactivation of Tubes. It has been found that when filaments 
are subjected to a vapor or gas that they seem to loose their pro- 
perty of giving off electrons. The 
filament has been “poisoned.” This 
poisoning seems to be an oxidation 
or coating of some kind which forms 
over the filament. 

If this coating can be removed 
V then the filament renews its pro- 
a 
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perty of giving off electrons. In 
the thoriated filament tube the 
thorium is burned or evaporated 
off if the temperature is too high. 

When a tube is “‘poisoned”’ the 
first thing is to remove the poison 

Ficure 17. and then to renew the thorium at 
the surface. 

The tube is first flashed at a high temperature. This removes the 
“poison” also the thorium from the surface. Then the tube is 
burned at a temperature above normal without plate voltage until 
the thorium which is mixed with the tungsten can diffuse to the 
surface. The B battery should be disconnected from the plate of the 
tube. 

The general rule is to flash the tube at a voltage three times the 
normal voltage for thirty seconds or one minute. Then the tube is 
aged for two to ten minutes at a voltage 50% above normal vol- 
tage. For a 201A tube, the tube is flashed at 15 volts and aged at 
7.5 volts. It is immaterial whether the voltages are D.C. or A.C. 

Figure 17 shows the plate emission before and after reactivation. 
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CHAPTER XI 
VACUUM TUBE CONSTANTS 


151. Introduction. The three electrode vacuum tube has three 
important constants. These are the amplification constant, y, 
the mutual conductance, G», and the resistance of the tube, R,. 
These so-called constants depend to some extent on the filament 
temperature, plate potential, and the grid potential, but as tubes 
are usually operated their values do not change much. For prac- 
tical purposes they are constant. These constants can be measured 
in various ways. It is instructive to determine them from the 
characteristic curves. 

152. Three Halves Power Law. In the section on the two elec- 
trode tube it was stated that the plate current obeyed the law 

T=f(V?!?) or [=AV3!2, 

In the three electrode tube the potential, V, is made up of the 
sum of the potentials HE, and E, where E, is the plate potential 
and E, is the grid potential and py is the amplification constant. 
Then /,=A(E,+uE,)*/?. This is the theoretical equation and the 
curve is given in Figure 2, Chapter X. 

153. Actual Curves. Actual curves of three electrode tubes do 
not follow this law exactly, one reason being the temperature of 
the filament is not the same at all points. The ends connected to 
the lead-in wires are cooled by conduction. In actual cases the 
curves consist of three parts—a lower curved portion, a central 
portion which is nearly straight, and the upper bend at saturation. 
If several grid potential plate current curves are run with different 
plate potentials the central portions are not only nearly straight 
but nearly parallel. 

The central portions may be said to be a family of straight 
lines. This is nearly true for tungsten filament tubes. Figure 1 
shows the grid potential plate current curves, using a 201 Radi- 
otron amplifying tube. The central portions for all purposes are 
straight and are parallel. Treated or thoriated filament tubes 
such as 201A tubes do not give curves which are exactly straight 
lines, but by drawing on the imagination the theory can be ap- 
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plied to them. Figure 8, Chapter X, is a set of curves of a thoriated 
filament 201A tube. 

154. Calculation of Constants from Curves. Assuming the 
straight curves to be straight and parallel as in Figure 1 the 
equation of the current is /,=A+B(£,+uE,). This equation is 
the equation of a family of straight lines. In Figure 1 the curved 
ends are disregarded and the curves are assumed to follow the 
dotted lines at the ends. 
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This equation shows that the current at any time or condition 
depends upon both the plate potential, Z,, and the grid potential, 
E,. If in the equation the grid potential, £,, is changed one volt 
there is a certain change in the plate current, J,. This change in 
plate current will be the same if we change the plate potential pv 
volts, where u is the amplification constant. Thus if wis seven volts 
the current is changed a certain amount by changing the grid 
one volt or by changing the plate potential seven volts. One volt 
on the grid is equal to uw volts on the plate. 

155. Mutual Conductance. If we assume that the plate potential, 
Ey, is constant and find the change of the plate current when 
we change the grid potential Z,, we have by differentiation, 


al, =BudE; 0nd! (db = ep —Gee 
The expression d/,/dE,=y»B=G,, is read the rate of change of the 
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plate current, /,, with respect to the change of the grid potential, 
E,, is equal to the amplification constant, yu, of the tube, times a 
constant, B, and this product is equal to the mutual conductance 
of the tube, G,,. The expression shows how the current in the 
plate circuit changes when the grid potential changes. 

If we refer to Figure 1 we see that in order to change the plate 
current three milliamperes or .003 amperes, the grid potential 
must be changed 13 volts. Then G,,=.003/13=.000230 or 230 
micromhos. Since resistance R=E/J, G» is the reciprocal of 
resistance, or G, 1s a conductance. It is called mutual conductance, 
since it is the effect in one circuit caused by a change of potential 
in another circuit. The mho is the reciprocal of the ohm. 

156. Tube Resistance. If we consider the grid potential to be 
constant, as in the plate curves of Figure 1 and differentiate the 
equation, we get dl/,=BdE, or dI,/dE,=B. This is a conduc- 
tance, and since both current and potential refer to the plate, it 
is the plate conductance. The reciprocal of this is the plate re- 
sistance of the tube, or simply the resistance, R,, of the tube. 
From the plate characteristic, Figure 1, we see that in order to 
get a change of .003 amperes it is necessary to change the plate 
potential 77 volts. The resistance, Ry=77/.003 = 25600 ohms. 

157. Amplification Constant. Since Gn=pB we have the ampli- 
fication constant of the tube, w=G»/B=77/13=6. Thus it is 
possible to determine the constants of the tube by taking the mu- 
tual characteristics for several plate voltages then drawing the 
plate characteristics and then taking the slopes of the lines. 

Since these lines are straight lines in Figure 1 the slope or the 
value of d//dE is the same at every point. If the lines are curved 
slightly then the slope changes from point to point a little and the 
values of the tube constants change with conditions. 

In tables the values of the constants are given under specified 
conditions. In most of our calculations the assumption is made 
that the curves are very nearly straight lines. The calculations 
are made and then the information is given that the distortion is 
not over a certain amount. 

The mutual conductance, Gn=uB=yu/R,. The mutual conduc- 
tance is equal tothe amplification constant divided by the resistance 
of the tube. The mutual conductance tells more than the 
amplification constant. A tube with a high amplification constant 
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and an enormous resistance is not a good tube. A high amplifica- 
tion constant and a low resistance is wanted. 

158. Physical Structure and Constants. It is beyond the realm 
of this book to discuss the manufacturing methods of controlling 
the constants of the tube produced, but it might be mentioned 
that the amplification constant can be increased by making the 
distance between grid and plate large. But the resistance is 
increased when this distance is increased. Asa rule, high mu tubes 
are high resistance tubes. 

The constants of the tube are changed by changing the filament 
current. Ifthe curves for a tube are run, using normal filament 
current, and then the curves are run again with diminished 
filament current, 10% below normal, say, then the constants will 
be different. The amplification constant, wu, will not decrease much. 
It may even increase, but the mutual conductance will be much 
diminished and the resistance R, increased. 

The slope of the plate characteristic is the conductance of the 
tube. The reciprocal of this slope is the resistance of the tube. 
The slope of the mutual characteristic is the mutual conductance. 
The reciprocal of the mutual conductance might be called the 
mutual resistance of the tube. The amplification constant of the 
tube is the ratio of the slopes. It might be weil to call attention 
to the fact that resistance here is defined as R=dE/d/. Resistance 
is generally defined as R=E/J. Both definitions are the same if 
the resistance is constant. 

159. Power Amplification Constant. The power amplification 
constant of a tube is the output of the tube divided by the input. 
This is sometimes represented by y, the Greek letter eta. 7 =Z,/, 
cos 6/(i,E,). This at times is hard to calculate and becomes prac- 
tically meaningless. This is because the grid current, 7,, often 
becomes very small. If the grid battery or C battery is adjusted 
for good amplification, the grid current is zero. This means, of 
course, that the D.C. in the grid is zero. When this is true the 
A.C. is simply that which flows through the capacity of the tube 
and thusit is very small. Thenin calculating the value of we see 
it will be very large. In fact, 7 has no meaning which is worth 
anything. Often we read of the amplification of a tube being very 
large. Usually power amplification is what is meant. 
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160. Power and Current Amplification Rating. It is much 
better in speaking of power to give it in terms of watts or milli- 
watts per volt squared input. This will be seen later to depend 
upon the load or the device to which the tube is connected. 
Current amplification constant is also somewhat ambiguous. It 
should be given in terms of amperes output per volt input. 

161. Capacity of Tube. Another important constant of a tube 
is its capacity. Between the grid and the plate of a tube there is 
a certain capacity. The tube is a condenser, one plate being the 
grid of the tube and the other the plate of the tube. This capacity 
can be measured the same as that of any other small condenser. 
The capacity cannot be determined from the characteristic curves. 

162. Measurement of Tube Constants. The measurement of the 
constants of a tube leads to a better understanding of the constant. 
If a tube is connected as in diagram, Figure 2, to a potentiometer, 
abc, made of two resistance boxes, 
and an alternating potential is 
applied to the terminals ac of the 
boxes, then if the point 6 is con- 
sidered to be zero potential, the 
potential of the point a will rise 
and fall, and at the same time 
the potential of c will fall and rise. 
Raising the potential of a@ raises the 
potential of the grid and increases 
the plate current. Lowering the 
potential of c lowers the potential 
of the plate and diminishes the 
plate current. If the potential of a is raised and the potential of 
c is lowered the proper amount, the plate current will be constant. 
A telephone in the plate circuit will indicate that current by a 


minimum sound. 

The effect on the grid is just equal to the effect on the plate. 
We have defined the amplification constant as being dE,/dE,, 
but the changes of potentials are proportional to the resis- 
tances, and then »=R2/R;. The variometer and the condenser, 
C, can be omitted, the connections being like those in Figure 
4, with the key, K, open. 


FIGURE 2. 
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163. Measurement of the Mutual Conductance of a Tube. In 
Figure 3 with the key, K, open, the potential of the grid is zero, 
that of the negative filament, and the 
plate current is measured by the 
milliammeter, A. The current flows 
from right to left through the meter. 
With the key, K, closed the current 
from the battery, C, flows from left 
to right through the milliammeter, the 
grid current being zero. If the resis- 

Ficure 3. tance, Ri, is adjusted so that’ the meter 

reads the same whether the key is 

closed or not, then we have the change of the plate current, d/,, 
equal to the current from the battery, which is equal to dE,/R,. 
dE, is the potential of the grid with the key closed. Then 
dI,/dE,=1/R,. By definition dI,/dE,=Gm, or Gm is equal to the 


(od 


reciprocal of the resistance R. 
1604. Measurement of Plate Resistance. The plate resistance 
can be measured with the same 
apparatus as that used in finding rill 
the amplification constant if : 
a resistance, RK, is placed in the $ Hilo = 
plate circuit. Figure 4 is the 

same as that of Figure 2 except 

the negative filament: can be 

connected to the negative end 

of the B battery through a re- 

sistance, R, by closing the key, 

K. In Figure 4 a variable mutual pw 

inductance, a variometer, can be 

placed as in Figure 3, so that Frcure 4. 
corrections for phase angle can 

be made. A blocking condenser, C, also can be placed in the A.C. 
circuit. The minimum sound in the telephone is much better with 
the variometer in the circuit. Consider the plate circuit through 
the resistance, R, with K closed. The potential of the point, d is 
(R/(R+R,))E,=(R/(R+R,))wE,. Considering the A.C. circuit 
through R; and R; we have the potential of c, which is the same as 
the potential of d, if the phone has negligible resistance, equal to 
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Ficure 5. 


(Ro/Ri)E,. Thenu(R/(R+R,)) = Ro/ Ri, and Rp = R((uRi/Rs) —1)). 


R, and R2 are not the 
same values as those 
obtained in measuring 
the amplification con- 
stant. 

165. Apparatus for 
Measurement. Figure 
5 is a General Radio 
Co. 361B V. T. Bridge 
for the measurement 
of the constants. By 
convenient switches 
the connections can 
be changed to those 
of either Figures 2, 
3 or 4. 

Diagram, Figure 6, 
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Ficure 6. A Bridge Method of Measuring Grid- 
Plate Capacity. Nema Hand-Book. 


gives the connection for measuring the capacity ofa tube. This will 
be seen to be the simple method. (‘‘Experimental Radio,” p. 25,78.) 


CHAP Re ert 
THE VACUUM TUBE USED AS A DETECTOR 


166. Two Methods of Detection. The three electrode vacuum 
tube can be used as a detector in two different ways. Detection 
can be had by using the curvature at the foot of the mutual 
characteristic curve, or detection can be had by using the curva- 
ture of the grid characteristic curve. The first method is sometimes 
called detection by plate current rectification, and the second is 
called detection by grid current rectification. This last is sometimes 
spoken of as grid condenser detection. 

167. Detection by Plate Current Rectification. In the mutual 
characteristic curve, if the plate potential is rather low, 16 to 
45 volts, the point of greatest curvature is not far from the point 
where the grid potential is zero, the 
potential of the negative filament 
being considered to be zero. The 
theory developed in Chapter LX on 
detectors for the crystal detector ap- 
plies here as well as to the crystal 
The action of both depends on the 
curvature of the curve. 
ae 168. Geometrical Method of Explain- 

Ficure 1. ing Detection. In the theory for the 
crystal detector we applied Taylor’s 
expansion. Here we shall apply a geometrical method. Let the 
curve in Figure 1 represent a mutual characteristic curve, the Y 
axis representing plate current, I,, and the X axis representing 
the grid potential, Z,. Assume that the lower curved portion of 
the grid characteristic curve is part of the circle whose radius is r. 
Let x represent the grid potential, zero grid potential being at 
zero, the point of tangency of the circle to the X axis. Then the 
plate current is represented by y. From Figure 1, «?+(r—y)?=r?, 
then r—y=/7?-x?. Extracting the square root and neglecting 
higher powers r—y=r—x?/2r, or y=x?/2r, and dy/dx=2«/2r and 
(dy?/dx?)=1/r or d’y=(dx)?/r. Let « equal the grid potential, 
y equal the plate current steady value. 
112 
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If dx represents the change of the grid potential or an alternating 
potential, dy is the change of the plate current. This will be 
constant if the curve is a straight line, and d?y will be zero if the 
curve is a straight line. 

If we assume that dx is a sine function, or that the grid potential 
is alternating at radio frequency, then y is the direct current 
through the telephone, dy is the alternating current through the 
phone. This will produce no effect on the phone at audio fre- 
quency, the average value will be zero; d?y is the detected current 
through the telephone which gives an audible tone in the telephone. 
Since d?y = (dx)?/r, we have the detected current, i=e?/r. Since dx 
is equal to e, the alternating E. M. F. on the grid. 

It will be noted that this detected current is proportional to 
the square of dx, the signal voltage, and is inversely proportional 
to the radius. The reciprocal of the radius is a measure of the 
curvature of the curve. The signal is proportional to the square 
of the signal voltage and proportional to the curvature. This 
agrees with the value i=(e?/4)(d?J,/dV’,) which was derived in 
Chapter IX. 

To obtain good loud signals in the phone, the signal voltage 
should be amplified at radio frequency to a reasonable value and 
the detector should be worked at the point of greatest curvature. 
Since the detected current is proportional to the square of the 
signal voltage, a radio frequency amplification of 10 is equal to an 
audio frequency amplification of 100. 

It will be noted here that is is possible to over-amplify at radio 
frequency. Suppose the signal voltage is 
amplified so that the positive limit on the 
curve is on the straight line portion at 8, 
perhaps, and the negative limit is near 
zero or to the left of zero, then the de- 
tected current will be due to the curved 
portion only. If the detector is used in a 
radio phone receiver, the rectified current FIGURE 2. 
will be distorted due to the “‘cut out” on 
the straight line portion of the curve. With the ordinary average 
tube the signal voltage should not be more than 3 volt, certainly 
not more than 1 virtual volt. 

Figure 2 shows the connection for a tube receiver. Figure 2, 
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Chapter IX, illustrates the detection using a tube assuming the 
signals are from a damped wave station, spark station. The 
first line represents the signal potential on the grid of the tube, 
the second the current in the plate of the tube, the third line the 
average current through the telephone. Detection with a tube 
and crystal are exactly the same except when a tube is used the 
current through the plate and phone has a constant value greater 
than zero. The inductance of the phone and the capacity of the 
phone cords smoothing the high frequency current out into the 
smooth positive constant current. Note that the current in the 
phone is increased and causes one click in the phone for each 
group of waves, remembering that each group of waves is sent out 
by one spark in the transmitter, the tone heard is the tone of the 
spark in the transmitting station. It has been found that a pitch 
of about 1000 is the best pitch 
for a spark station. The tone 
is high enough not to be con- 
fused with static. For M. C. W. 
the action is similar to that of 
Figure 7, Chapter IX. Figure 3 
shows how the plate current is 
2 increased when the grid is ex- 
Care OETA Ge. cited by a signal. 

169. Grid Current Curve De- 
tection. The method most often 
used for detection with a tube 
is the grid current rectification 
method. In order to use the grid current curve it is necessary to 
use a grid condenser with grid leak. 

If the grid characteristic is plotted on the same sheet of paper 
with the grid potential plate current curves, Figure 4, it will be 
found that the grid current starts from a point near zero and 
curves upwards very much like the plate current. The grid 
potential at the point of greatest curvature corresponds to a 
point on the plate current curves which is for all practical pur- 
poses a straight line. The average potential of the grid must be 
more positive for grid current rectification than for plate current 
rectification. Figure 5 shows grid characteristics of the common 
tubes in use. 
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It may be well to remember that the grid current, as well as the 
plate current, is due to electrons. The grid may be enough negative 
to keep electrons from striking the grid, but not enough negative 
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FIGURE 4. 


to keep all the electrons from passing through the meshes between 
wires. The grid current becomes zero before the plate current 
becomes zero as the grid potential is made more and more negative. 

In some gas tubes the grid current 
may reverse and give a negative 
current. This is due to positive ions 
in the tube. The gas becomes 
ionized, which means that an elec- 
tron has been knocked out of a gas 
atom or molecule and then we have 
a positive ion, a positively charged FIGURE 5. 
atom or molecule. 

If a grid condenser is connected in the grid circuit as in Figure 6, 
the grid, and therefore the grid condenser, becomes negatively 
charged if electrons strike the grid. We assume that there are no 
positive ions in the tube. If the condenser has perfect insulation 
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these electrons can not escape, and the condenser and grid be- 
come more negative as the electrons strike the grid. This will keep 
up until the grid becomes enough negative so the electrons do 
not strike, and the potential will be that value which on the curve 
corresponds to zero grid current. If the average potential is not 
absolutely constant but varies due to outside causes, the grid may 
become positive at times and more elec- 
trons striking the grid make it more nega- 
tive. This may be enough to make the 
grid sufficiently negative to stop the plate 
current. A grid condenser alone will not 
work. A high resistance of about a megohm 
or more is placed across the condenser. 
This gives a path for the electrons to es- 
cape so that the grid potential does not be- 
come too much negative. When a steady 
state has been reached the potential of the 
grid will be negative with respect to the filament by an amount of 
1,R where 7, is the grid current and R is the resistance of the grid 
leak. This potential should correspond to the point on the grid 
current curve where the curvature is the greatest. 

If one has the mutual characteristic curve and the grid charac- 
teristic curve both plotted on the same paper, the reading of a 
milliammeter in the plate circuit, together with the curve, will 
show the average grid potential. 

If, due to a signal, the potential of the grid varies about the 
average value, then, due to the fact that the characteristic is 
curved, more electrons will strike the grid during the time it is 
positive, and this increase of electrons will not be balanced by the 
diminution of electrons when the grid is negative with respect to 
the average value. 

If the characteristic is straight, the two effects will exactly 
balance each other, the average value of the grid current will 
be constant and the average grid potential will be constant. Due 
to the curvature of the grid characteristic, the grid current is 
increased and the average negative potential of the grid is more 
negative, because this current must flow through the grid leak 
resistance, KR. Due to the change of the average potential of the 
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grid, the plate current is diminished. This will give a click or 
sound in the telephone. Due to the fact that the tube is also an 
amplifier, the sound in the telephone is increased, Figure 7 shows 
the action of a grid condenser when used as a detector. The 
first line beginning at the bottom and reading to the left and up in 
figure 7 represents the signal potential applied to the grid. The 
second line is the potential of the grid. The grid potential is 
made up of the signal potential 
and the negative effect of the 
increased grid current. The third 
line shows the plate current and 
the fourth the average current 
through the phone. 

If the plate current character- 
istic is curved, the two curves will Anna 
act in such a manner as to tend to Man a eee 
neutralize each other. The grid ee 
curve tends to diminish the plate 
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rent. This might take place if the 
plate potential was a few volts 
negative, one or five volts, per- 
haps, the two curves being 
almost identical. 

The proper adjustment is usually found by trial. The usual 
condenser is about .00025. The impedance of the condenser, 1/C, 
should be small, and the capacity should be large compared to the 
capacity of the tube. The following table gives values for ordinary 
tubes. 

The grid leak should be small enough to let the condenser 
recover the average value quickly, but large enough not to carry 
the signal. The time of recovery must be short compared to signal 
variations, and long compared to the radio frequency. The 
drop, 7,R, together with the “grid bias’? must keep the average 
potential at the point of greatest curvature. The grid bias, or C 
battery, is a battery of a few volts placed in the grid circuit to 
give the grid a negative potential. 


FIGURE 7. 
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DETECTOR CHARACTERISTICS OF DETECTOR TUBES. 
For WEAK SrcnaLs, 0.1 Vorr or Less on Grip. 


Plate Grid Voy Date Grid Grid 

Tube voltage Mu connection | voltage Const. leak Condenser 
12 22-45 6 —E 0.27 8.0 Meg. .000318 Mf. 

199 45 6 =F m5 [al .000255 
201A 45 9 —F 47 Sole .000212 
240 135 30 —F 47 See ‘1 000212 
120 45 3 —F 45 1.67 .000255 
171A 45 3 —F 28 7.20 .000160 
112A 45 8 —F .26 38 .000212 
226 45 8 Cath. .29 iLO .000212 
PH 45 8 Cath. 58) 7.8 .000318 


170. Detection with Gas Tubes. Soft tubes or gas tubes—tubes 
which have not been evacuated to a high degree—were originally 
used as detectors. Gas tubes make excellent detectors but are 
very erratic and take a great deal of coaxing. They depend upon 
the fact that at certain potentials the plate current changes very 
rapidly. The curves have kinks at certain potentials while the 
curves for hard tubes are straight. 


— 


Output Characteristic - Grid Bias This is due to ionization potentials. 
Detection CX-300A  Eg=45v, 3 . 
No Grid Leak or Condenser At certain potentials the electrons 


acquire velocities high enough to 
knock electrons out of the gas mole- 
cules and the plate current suddenly 
increases. Since the potential is 
E,+wE,, the variation of the potential 
of the grid due to signal voltage may 
give this increase if the plate potential, 
tj E, and average potential of the grid, 

Grid Bias Voltage £, and the amount and kind of gas is 

Ficure 8, just right. 

The detector tube, Radiotron 200A, 
contains caesium. Gas tubes usually are rather noisy, due to the 
gas. Figure 8 shows the output characteristic of a 200A radiotron 
tube plotted against grid bias voltage. 

171. Detection by Grid Rectification; Theory. The following is a 
simplified statement of the action of the grid condenser and grid 
leak. It will be seen that the capacity of the condenser does 


560 


Audio Freq. Output in Millivolts 


240 


120 


THE FUNDAMENTALS OF Rapio 119 


not appear in this, it being assumed that the values are such as 
to give optimum results. The curvature of the curve depends upon 
the point of action, or the average grid potential. This depends 
upon the grid condenser and grid leak and upon the C battery. 

The change of the grid current is proportional to e?/r where e 
is the signal potential and 7 is the radius of curvature of the curve. 
This change is the same as in plate current detection (see para- 
graph 168). 

If we let E, be the average grid potential and assume that the 
plate current, 7,, falls on the straight line part of the character- 
istic curve, Figure 4, then the detected grid current is 


iz=—= 7 (curvature). 


The average grid potential, 


TR (e-(£)x). 
Ar 


In Figure 4 we shall assume that the grid circuit in Figure 6 is 
connected to the positive filament instead of to the negative fila- 
ment making the potential, E,, five volts positive. Then the average 
potential of the grid will be less than this, due to the grid current 
flowing through the grid leak resistance. This 27,R equals about 
two volts, making E, about three volts as indicated in Figure 4. 


The plate current, 


I,=A + B(E,+nE,) =1+3| E, = u( = <). | 
Ay 


Y 


9b 


€ 
=A+B(E,+yE£,) ye : 
j 


Where, E,=average grid potential and e=e sin wt=change of 
grid potential. Change of plate current = Bu(e*?/4r)R. 

The audio signal is proportional to Bu, the mutual conduc- 
tance; to e2, the square of signal potential; to 1/r, the curvature 
of the grid characteristic, and to R, the resistance of the grid 
leak, 
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This will be true for the first signal. If the resistance RK is in- 
finite the tube will not recover and the second signal will be 
faint, since the operating point has changed from the optimum 
point. The resistance, R, must be small enough to let the tube re- 
cover from an intense signal. If the resistance is large it perhaps 
will detect ordinary signals, but a crash of static will “‘paralyze”’ 
the tube for a time. 

172. Heterodyne Detection. At the present time most of the 
radio telegraph stations use continuous wave generators of some 
form or other. Very few of these take 
the trouble to interrupt by chopper or 
other means. The usual method of re- 
ception is by the heterodyne method, in 
which the incoming signal is heterodyned 
with a local generator, the frequency of 
which is near that of the received signal. 
One method is to use a detector such as 
a crystal detector and a local oscillator. 
At present the method usually used is a 
detector tube connected to one of the 
many circuits which will oscillate. In 
this case the tube is a generator, a de- 
tector, and also an amplifier. The circuit 
may be that of Figure 9. This will be seen to bea regenerative or 
oscillating circuit of Chapter V. 

It is well known that if two audible frequencies such as from two 
tuning forks which are nearly in unison are heard, there is a 
periodic swelling of the sound. Beats are produced, the frequency 
of which is the difference of the two frequencies. A tuning fork 
making 100 vibrations and another making 101 or 99 vibrations 
per second will produce one beat per second. 

Two high frequency stations, one making 1,000,000 vibrations 
per second, and another making 1,000,000+ 1,000 per second will 
make 1,000 beats per second. The beats are audible, while the 
million vibrations are not. Figure 10 represents the signal as well 
as the local oscillation. The resultant frequency is proportional 
to the difference of the frequencies. If the resultant wave is 
plotted as in the figure, we find a wave whose frequency is the 
difference of the frequencies. 


FIcurE 9. 
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There is also a frequency which is proportional to the sum of 
the frequencies. Since this is out of the audible range we are not 
concerned with it. Remembering that if either frequency is 
detected the result is an in- 

Clease Ore Cxcurrent, whichs oyiee— = weduericy ty Ee 

is proportional to e? where e 
is the intensity of the signal. 
The frequency of these are 
so great that the D.C. is con- 
stant in value. The ampli- 
tude of the resultant wave 
changes from the difference 
of the amplitude to the sum 
of the amplitudes, or from 
values proportional to e;—e, 
to e:+e. The amplitude of 
the beat wave is proportional Froure 10. 

COMP Cre: The detected 

E.M.F. is then e;+e¢,. The detected current is proportional to e’g 
where ¢, is the signal intensity. (See theory of detectors.) There- 
fore the detected currents are proportional to (e+e). This is 
e+ 2eeo+e2. Since e: =F; sin wt and e.= Lf» sin wet, both being 
high frequency E.M.F.’s, the square terms give a constant 
current through the phones. These are detected currents which 
cause a constant current through the phones and produce no 
sound. The middle term gives a component through the 
phones which changes in intensity at the beat frequency, since 
Fy, sin ow, ¢ By sin wot= FE, [sin (w1— we)é+ sin (wi +ao)E. | The 
beat frequency, (w:—ws) can be made any desirable value from zero 
up to frequencies out of the audible range simply by changing the 
condenser in the oscillating receiver circuit. The tone can be 
changed simply by changing the frequency of the local oscillator. 

In Figure 11 we have attempted to illustrate the heterodyne 
detection. Let ¢ represent the incoming signal, the mutual 
characteristic supposed to be an arc of a circle, i.e., curvature con- 
stant. If ordinary detection were used the detected current would 
be represented by the increase of the plate current at B. This 
would be small and moreover would be constant. Let e; represent 
the received E.M.F. of the local oscillator. Then the amplitude 
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of the combined signal will vary periodically from (e:+e2) to 
(e:—é). The received current from the local oscillator is repre- 
sented by AP. This current is constant and produces no sound in 
the phone. With the two E.M.F.’s combined the received current 
varies periodically from that represented by C,N to that repre- 
sented by C:M. This periodic variation is seen to be proportional 
to é, and not to the square of the 
signal strength, since NM is 
nearly straight. Since NM will 
be steeper the greater ¢ is, the 
signal is proportional to ¢, the 
local E.M.F. Thus the signal is 
proportional to eé:. 

The intensity of the signal is 


ae +e, be ‘ proportional to the product of 
eres the signal intensity and the in- 

e@ . . 
Sein tensity of the local oscillator. 


Signals which are too weak to 
actuate the detector can with the 
help of the local oscillator be 
detected. The signal intensity in the heterodyne method is pro- 
portional to e, the signal intensity, instead of to e?, as in the 
ordinary detector. This is an advantage where weak signals are 
being used. Assume e to be the intensity of the signal which gives 
fair response. Then the response due to a signal of one-half that 
intensity gives a response of one-half instead of one-fourth, as in 
the case of ordinary detectors. A signal whose intensity is one- 
tenth, perhaps, could be read with difficulty, while a response of 
one-hundredth would be impossible to receive. 

The heterodyne method of reception of continuous waves is 
extremely efficient. The long distance records of from 10 to 123 
thousand miles (the circumference of the earth is 25,000 miles) 
with a fraction of a watt input at the transmission station, is due 
largely to the efficiency of the receiver at the receiving station. 

173. Receiving from Arc Stations. In the arc stations it was 
found that it was not feasible to interrupt the flow of energy. If 
the arc stopped oscillating it took an appreciable time for it to 
start again. The arc could not follow the speed of the interruptions 
necessary in code transmissions. Instead of breaking and closing 


FIGuRE 11. 
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the circuit a detuning method is used. The inductance in the 
oscillating aerial circuit is slightly changed and thus the fre- 
quency of the oscillation is changed slightly. When the key is 
closed one turn of the coil is shorted. When using the heterodyne 
method of receiving, the pitch of the beat note heard from an arc 
station is different when the key at the transmitter is making con- 
tact than when the key is open. By listening to the change of pitch 
of the tone received, the receiving operator can read the signals. 
It is possible to set the local oscillator to the same frequency as 
that of the sending station with the key open. This gives zero 
beat frequency and no sound is heard. When the key is closed the 
beat frequency changes to a rather low audible note. Thus the 
dots and dashes are heard the same as in regular C.W. trans- 
mission. The pitch heard is low and most operators prefer to 
listen to the change of pitch. The pitch is controlled by the local 
receiving operator. 

174. Illustration of Heterodyning. Often on a small lake where 
there are small outboard motors, when listening to the hum of a 
distant motor one may hear a rising and falling of the intensity of 
the sound when no other boat is heard on the lake. Perhaps 
careful listening will reveal the sound of another boat on the far 
side of the lake. This second boat is not heard by itself, but it is 
detected by the beat note in the hum of the nearer boat. 

175. Detection with Regenerative and Oscillating Circuits. In 
Figure 9 for the reception by the heterodyne method we have an 
oscillating or regenerative circuit. We will see later that the only 
difference between regeneration and oscillation is the closeness of 
coupling. In a regenerative circuit we have a feed back coil which 
feeds some of the energy from the plate to the grid circuit. When 
the coupling is rather loose, energy is fed back and the signal is 
amplified. Regeneration can be classed as a method of amplifica- 
tion. In a regenerative circuit the tube can be used as a detector, 
either with plate rectification or grid rectification. 

176. Detection of Damped Waves with an Oscillating Tube. The 
coupling on a regenerative circuit can be made so the tube oscil- 
lates. It has been shown that the sensitivity of the heterodyne 
method is much greater than other methods. Since this is in 
reality a heterodyne method it is a very sensitive method, but 
the tone quality is very poor. Since damped waves and modulated 
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waves are essentially the same, it can be used for damped waves 
and radio telephone. The records made with single tube circuits 
depend upon the fact that the tube was oscillating while reciev- 
ing. The call letters of the station can be made out and perhaps 
the tune played may be recognized but the quality of the music 
is very poor. With damped waves this method is very sensitive, 
but the signal has poor tone. The signal sounds much like escaping 
steam. 

177. Relative Efficiencies of Methods. It is very hard to give 
exact figures on the relative efficiency. Much depends on the ad- 
justments and the intensity of the signal. With damped waves 
from a simple wave meter actuated by a buzzer, the figures are 
about as follows: 


Crystalidetectoratere cock koe Race REI a a eae er ante il 
chubemplatercurment mectitica tlOn a eee Ene enter nena 2 to 6 
‘Rube semdiconcdenseraer ce eer eee ie eae eer ae 10 
iiubewnerenerativies oTdmconc chs ei nmn tenet ee eta 100 
Muse, Oxcillajnnas, sre Comer... o.0--ancnennveonsabuncasames 10006 


The readings were made by shunting the telephone so the signals 
were just audible. (Experiment 48 “Experimental Radio.’’) 

178. Power Detectors. During the past year or so the tendency 
has been to increase the radio frequency amplification and not 
use so many stages of audio amplification. If the theoretical am- 
plification of the screen grid tube is realized the amplification 
will be so great the detector will usually be overloaded. If the 
potential on the grid of the ordinary detector is increased until 
it is in the neighborhood of one volt the detector tube is over- 
loaded and the signals will be distorted. Distortion is due to the 
fact that the signal “‘slides’”’ off the curved portion of the grid 
characteristic. A less sensitive detector is needed, one which 
is not so sensitive for weak signals but which will handle signals 
of greater intensity. 

One method is to use plate current rectification. This method is 
not so sensitive but the grid potential can be larger and still get 
better rectification as far as quality is concerned. If the mutual 
characteristic were a straight line striking the X axis, grid po- 
tential axis, at zero say, then the intensity of the rectified current 
will be in this case the upper half of the received signal. This 
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method has been applied in some sets such as R.C.A. 64. where a 
227 tube is used as a detector. In this set an automatic volume 
control is used which keeps the signal constant within certain 
limits. It is proposed to use larger tubes 
such as a 210 power tube. In this manner 
the potential on the grid can be amplified 
to larger values. 

Another method proposed is to use a tube 
with a grid condenser and grid leak resistance 
but with higher plate voltage. The argu- 
ment being that with low B battery the 
point of action on the mutual characteristic 
is on the lower curve. This curved portion 
tends to counteract the action of the curved 
portion of the grid characteristic. This will 
be especially true with strong signals since 
the tendency is to give the grid condenser a 
negative charge and to slide the point of 
action towards the left. In power detection 
using this method a small grid condenser is 
used and a rather low grid leak. The lower 
the resistance the better if it were not for eee i, Ane 
the fact that the signal intensity is cut by a 227 five prong A.C. 
low resistance. The value of the grid leak is tube whichcan be used 
about .0001 Mf. and the grid leak { to 4 as a detector. 
megohm. 

The following table will give power output and the maximum 
grid voltages for various tubes. Power tubes with low amplification 
constant are not suited to this method. 


POWER DETECTORS. (Terman.) 
SMALL Grip CONDENSER, .0001 To .000125 Mr. Grip RestsTANce 250,000 Oxms. 


Plate Max. volts Max. power 
Tube voltage on grid output Milliwatts 
201A 135 2 15 
112A 135 3 30 
226 135 2) 40 
227 135 2 
210 250 18 100 
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Witha large power tube the output of the detector may be great 
enough to work a loud speaker without any audio amplification. 


Radio 
Amp. 
{ mf. 
—— 
+ 


Ficure 13. 


Another proposed method of detecting is to use a two electrode 
tube as a detector. Figure 13 is a connection using a three elec- 
trode tube as a two electrode tube. The grid and plate are con- 
nected together. 


CHAPTER iil 
THE TUBE AS AN AMPLIFIER 


179. Introduction. In previous sections we have spoken of the 
amplification constant of a tube. The amplification constant, p, 
was defined as the ratio of the change of the plate voltage to the 
change of the grid voltage. 

In all amplifiers we use tubes, but the tubes must be connected 
together by.some device so the 
amplification obtained depends on 
the coupling device, resistance, 
transformer, etc. Or the amplifi- 
cation obtained depends upon the 
“load.” The load may be a re- 
sistance, aS in a resistance ampli- 
fler, or it may be an impedance, as 
in a transformer coupled amplifier. 
If in the tube circuit, Figure 1 we Ficure 1. 
have a resistance, R, in the plate 
circuit of a tube whose resistance is Rp. Then treating the circuit 
as a simple circuit in which a battery whose E.M.F. is wE, and of 
resistance R,, connected to an external resistance, R, the potential 
across the resistance, R, is Pd=JR and [=pE,/(R+R,). Then 
the potential across the resistance is wE,R/(R+R,). 

180. Derivation from Equation. In the tube circuit diagrammed 
in Figure 1 we have a resistance in the plate circuit. Then the 
change of the plate potential is equal to the resistance times the 
change of the plate current. An increase of the plate current causes 
a diminution of the plate potential, or dE,=—RdI,. Since the 
current is given by 


[,>=A+B(E,>+hE,) 
dE» = —R(BdE,+uBdE,) 
dE,(1+RB)=pRBdE, 
(fod B Rubs RB) 
a * 


128 Tur FUNDAMENTALS OF RADIO 


since B=1/R, 


If the term RB in the denominator is large 
compared to unity, then dE,=ydE,. B is the 
conductivity of the tube, Chapter XII. If Rp 
is equal to the resistance of the tube, then RB is 
unity and can not be neglected. In the case Rk 
is equal to the resistance of the tube, then 
Cid By De 

The amplification of the circuit is one-half 
of that of the tube. If R is twice the resistance 
of the tube, 


dE,=2dE,. 


Ficure 2. 10 Kw a ene ; : 
Acaplifer Westen In general, the amplification of the circuit 


Electric 220B. This 18 (#/(m+1))u when the resistance R=(nRp) 
tube uses 10,000 where R, is the resistance of the tube. 
volts on the plate. The coupling coefficient of a resistance 
coupling is always less than unity and 
approaches unity as the resistance, R, approaches infinity. The 
resistance, RK, can not be made indefinitely large, since the aver- 
age potential on the plate of the tube is (R,/(R,»+R) of the B 
battery potential. 

If the resistance, R=R,, the B potential must be 80 volts if 
the potential on the plate is 40 volts. If R is four times the re- 
sistance of the tube, the B battery potential must be 200 volts in 
order to have 40 on the plate. 

The voltage amplification can be measured by placing an 
electrostatic voltmeter across the plate to the filament and noting 
the change of potential when the potential of the grid is changed a 
small amount. Instead of an electrostatic voltmeter a sensitive 
electroscope can be used, Figure 1. The electroscope must be 
calibrated so the change of potential can be read. As a general 
thing an electroscope is not very sensitive at low potentials—40 
volts, say. In this case an extra B battery can be inserted between 
the electroscope and the filament so as to make the potential 
across the electroscope 100 volts or more. 
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181. D.C. Amplifier. In this connection it is instructive to 
consider a “D.C.” amplifier. Suppose we connect three tubes in 
series in order to amplify a small steady D.C. potential. The 
plate of the first tube, Figure 3, cannot be connected directly to 
the grid of the next, since the potential of the plate is perhaps 40 
volts positive. A large C battery, 35 to 40 volts, must be inserted 
so as to reduce this large potential to near zero; that is, to the 
proper potential as indicated by the characteristic of the tube. 


36 v. +] 36 v. _ 
| 


FIGURE 3. 


Let us consider the action of this amplifier. Suppose the grid 
potential of the first tube is increased by a positive potential of 
1/10 volt. The current through the resistance in the plate circuit 
of the tube, No. 1, is increased and the potential of the plate falls 
an amount equal to Rid/,. This causes the grid potential of Tube 
No. 2 to fall, and the plate of the second tube rises an amount 
RsdI, which is communicated to the grid of the third tube. This 
change of grid potential causes the current in the third plate circuit 
to increase and the plate potential falls. The fall can be measured 
by an electrostatic voltmeter across the plate of the third tube, or 
a milliammeter in the plate circuit can be taken as an indicator, 
the change of current being proportional to the change of grid 
potential of the first tube. 

Tf all the tubes are alike and all the resistances are equal to the 
tube resistance, then dE, =2uX}uXzu=1/8y', when uw is the 
amplification constant of the tube. 

If w=7, then the amplification is 1/8(7)*=45. If R’s are 4 times 
R, and the batteries be increased accordingly, the amplification 
= (4/5)(u)*=170. 
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182. Impedance Load; Voltage Amplification. In the simple case 
with a resistance load we see that an amplification of uR/(R,;+R) 
is obtained. 

If the load is a coil of resistance, R and an inductance, L, the 
current in the plate will be J,=uE,/\V/(R+R)?+(oL). If 
Z is the impedance of the coil Z=./R?+(#L)?, the voltage am- 
plification is then pZ/\/(R, + R)+(wL)?. 

If the coil has little resistance, then the voltage amplification 
is pwL//R2+(wL)?. 

In general, the voltage amplification is uZ/(R,+Z) <ZR», where 
the term <ZR, means Z and R, are to be added vectorally. 

If the coil has large inductance and little resistance, the voltage 
amplification is nearly equal to w. Since the resistance of the 
coils is small, the potential on the plate is equal to the potential 
of the B battery. The phase angle ¢=tan~! Z/(R,+R) =tan 
Lw/R, when the coil has little resistance. 

Amplifiers are usually amplifiers of alternating current and the 
equations written in the form d/,=y"dE,/(R,»+Z) <ZR perhaps is 
the better form, since d/, change of current, is interpreted as 
meaning A.C. current and dE, change of E.M.F., as A.C., E.M.F. 
Here the resistance, R,, is the resistance of the tube which is the re- 
ciprocal of the slope of the plate characteristic curve and varies 
from point to point unless the curve is a straight line. These 
curves usually are not straight but as a usual thing the theory is 
developed assuming them to be straight, and remembering that 
R, is an average value of the tube resistance. If we write the 
equations using the differential form the value of the voltage 
amplification comes out to be the same as the values derived 
above. 

183. Current Amplification. In Section 12 we have said that a 
current amplification constant is, as a general thing, an ambiguous 
quantity. We perhaps might give it a definite meaning if we re- 
strict it in a certain manner. If we assume that our input current 
must flow through an input resistance, then we can apply the Pd 
across the resistance to the grid of the tube and measure the 
current, or rather change of current, in the plate circuit. If we 
call the input current d/, then dE, = Ridk,, Figure 4, then we have 
the output current 


al; =pRidI,/(Rp+R) . 
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The current amplification constant, n=d/,/dl,=y"Ri/(R+R;,). 
To make this intelligible we must have a resistance in multiple 
with the grid and a load resistance in series with the plate. 

Our D.C. amplifier, Figure 3 could be made to amplify current 
if the current flows through a resistance, R; and the first tube is 
connected around this and a milliammeter is placed in the plate 
circuit of the last tube. The current, /;, will be amplified into a 
value as shown by the change of 
current of the milliammeter. The 
grid bias of the last tube might be 
adjusted so the milliammeter reads 
zero when J, is zero, but under this 
condition the last tube will be 
working on the curved portion of 
the characteristic curve and the 
amplification will not be constant. 
It must be remembered that if the Ficure 4. 
current, /;, is taken to be the current 
flowing into the grid of the first tube, the expression becomes 
meaningless, since this grid current is vanishingly small. In this 
case it is suggested that, instead of an amplification constant, the 
condition be given in terms of 4,, or current output per volt input. 
Since the voltage amplification A,=yR/(R,+R), then since 
amperes=E/R, Aw=p/(Rpt+R). 

184. Power Amplification. Like current amplification, it is hard 
to measure the grid input of a tube, so it is better to express the 
power output in terms of the potential on the grid. 

Since power is equal to E?/R, we have 


A py?=(uR/(Rp+R)?/R=pR/(Rp+R)?. 


Ap»? is read, power output per volts squared input. 

In most amplifiers all stages except the last stage are designed 
for voltage amplification. The last stage is usually designed for 
power amplification. The power output is proportional to the 
square of the input voltage and not to the input power. 

An amplifier is usually not designed to give the maximum ampli- 
fication possible. It is designed to give undistorted amplification. 
Beyond this limit the amplifier should not be used. This involves 
the discussion of amplification with respect to the characteristic 
curves. The subject will be taken up again under amplifiers. 
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185. Regenerative Amplification. In some circuits, in fact, in 
most circuits using short waves, some of the energy from the plate 
circuit is fed back into the grid circuit. As long as the amount is 
less than a critical amount, the amplification is much increased. 
There are a large number of these circuits. One of the most simple 
is the ‘‘tickler’’ coil feed back circuit. 
This circuit consists of a tuned circuit 
in the grid circuit anda “tickler ’’coil 
in the plate circuit. The tickler coil is 
so placed that the changing current in 
the plate circuit inductively induces 
an K.M:F. in the grid circuit, The 
connection is made as in Figure 5. 

= Suppose that from an outside source, 

Ficure 5. a current in an aerial, perhaps, the 

-current at a particular instant is 

running in the coil in the grid circuit, clockwise toward the grid 

as indicated by the arrows. Since the grid potential is increasing, 

the plate current will increase. Then if the tickler coil is so 

placed that the current is flowing anti-clockwise, then the induced 

E.M.F. is clockwise in the grid circuit. This will increase the 

potential of the grid and cause the change in the plate current to 
be much increased. 

This method of amplification of radio frequency is very efficient 
in a receiver. The only trouble is there is danger of the circuit 
amplifying too much and the set becoming a generator of high 
frequency current which will make a disturbance which may be 
detected miles away. 

The above circuit is only one of many. Others will be given under 
Oscillators. 


CHARTER XLV 
THE TUBE AS AN OSCILLATOR 


186. Introduction. If we connect the tube to a wave meter 
circuit as in Figure 2, Chapter XII, and a positive pulse of po- 
tential is given to the grid, there is an increase of the current in the 
plate circuit through the telephone. 

There has been an amplification due to the fact that the tube 
always is an amplifier. The extra energy comes from the B battery. 
There is no ‘‘perpetual motion” in tube 
circuits, in the sense that we manufac- 1 
ture energy. We pay in B batteries for (Bu 
all we get. There is amplification, the 
amount depending on the tube and, to 
some extent, on the circuit. 

Tf acoil, LZ, is placed in the plate cir- 
cuit and coupled to the tuning coil, Lh, {[4 
Figure 1, and if the coupling is made AL —iL9 9 
right, some of the energy in the plate 
circuit is fed back to the coil in the grid Ficure 1. 
circuit. This will be recognized as being 
practically the same as the circuit which was called a regenerative 
circuit in Chapter XIII under regenerative amplification. 

If the coupling is increased, there will come a time when the 
energy fed back is greater than the losses. The currents always are 
of such a value that the losses in the circuit are equal to the energy 
supplied to the circuit. Most or all this energy is dissipated as 
heat, or J?R losses. As the energy is fed back by the tickler coil 
to the primary coil, the plate current increases and, of course, the 
T°R losses increase. 

Figure 2 is a hypothetical curve representing the relation of the 
losses, assumed to’ be all heat losses, and the energy fed back to 
the circuit by the tickler coil. The dotted straight line oad repre- 
sents the curve which shows the relation if the losses were always 
just equal to the energy supplied to the circuit. This would be 
the condition for a circuit like that of Figure 2 Chapter XII, where 


£33 
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there is no energy fed back. All the energy is supplied by some 
outside source. Let the curved line oad represent the energy fed 
back to the circuit by the coil Ly. Suppose the energy is changed in 
some manner, a simple way is to vary the filament current. From 
o to a we have regeneration. Some energy is given to the circuit 
by an outside source, aerial, 
say, and some is fed back by 
the coil, £. Néar o there is 
very little energy fed back, 
and most of the energy must 
come from the aerial. As the 
curve approaches the point a. 
the regeneration is very great, 
but in order to have any cur- 
rent we must have some little 
supplied by the aerial. At a 
FIGURE 2. the energy fed back is equal 

to the energy dissipated, and 

since the curve follows the dotted curve to 8, it is in unstable 
equilibrium. This unstable equilibrium is different from most 
cases of unstable equilibrium, instead of tumbling down, the 
tumbling is upward. It is perhaps like two cars tied together by 
a rather long tow rope. Assume the first car is at the top of the 
hill, or perhaps over the hill and down a little on the other side. 
We have forgotten the first car and are concerned with the second. 
In order to get this up it is necessary to push. As we push it moved 
easier and easier until it starts of its own accord towards the top. 
The equilibrium became unstable and the car started up the hill. 
We have forgotten the first car, and we can explain the situation 
if we wish by saying we have negative friction and the car went up. 
Our circuit which we left at the point a of the curve, is on the 
unstable part and we soon find it on the point b, where the losses 
are equal to the total energy received. Practically all this energy 
now comes from the feed back. The aerial may be, and usually is, 
receiving more energy from our circuit than it is giving to the 
circuit. This is sometimes explained by saying that there is 
negative resistance in the circuit. However, the circuit is not cool- 
ing off, due to the negative 7?R losses. It will be found that the cir- 
cuit is heating up. The extra energy comes from the B battery. 


['R Losses 


0 Energy Fed Back 


€ 
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The energy in the case of the car came in some mysterious manner 
from the far side of the hill, which we did not see. 

By changing some of the constants of the circuit, the coupling 
between ZL; and Le, our curve may take the form of oa’b’. Here the 
circuit @ oscillates but there is not much difference between the 
point of starting and the equilibrium point, 6’. If the coupling is 
loosened more the circuit will not oscillate but there may be some 
feed back. This is illustrated by the curve which does not cut 
the straight line, Figure 2. 

187. Oscillation Explained. If we consider the mutual charac- 
teristic curve, Figure 5, together with the circuit in Figure 1, we 
see that if for some reason as the potential of the grid becomes more 
positive the plate current, 7,, increases, and if the coil, Le, is con- 
nected right the increasing current induces an E.M.F. in coil Li, 
making the grid potential more positive. This increases the plate 
current and in turn this again increases the grid potential, £,. 
This action keeps up until there is equilibrium and then the plate 
current becomes constant and the E.M.F. induced in J, is zero. 
The equilibrium position for E, is at the point marked zero, and 
the grid potential changes toward the negative direction. This 
causes the plate current to diminish and this induces in L; a nega- 
tive potential, which in turn diminishes the plate current until a 
constant value near zero is reached. At this point the grid potential 
is negative with respect to the zero or equilibrium value. The grid 
increases in potential and causes an increase of plate current, which 
again causes the grid to become positive and the cycle is repeated. 
The frequency will be the natural frequency of the circuit which is 
governed in the main, by the capacity C; and the inductance J}. 

In the plate circuit we have a pulsating current, and in the 
tuned grid circuit we have an alternating current of high or low 
frequency, one million cycles, perhaps, possibly one cycle, de- 
pending on the value of LZ; and C,. The plate current can be thought 
of as consisting of a D.C. current and an A.C. current super- 
imposed one on the other. The values of these currents are such 
that at no time is the sum equal to a negative current. At times 
the sum may be zero, but not negative. 

188. The Oscillating Tube and Parallel Resonance. It is instruc- 
tive and gives one an insight into the cause of the oscillation to 
consider the oscillating tube to be a special case of parallel reso- 
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nance. For this purpose we shall connect our tube in a Tuned Plate 
circuit, Figure 3.- 

In this circuit our elementary wave meter circuit is placed in 
the plate circuit of the tube instead of in the grid circuit, and the 
tickler or feed back coil is placed in the grid circuit. Thus in the 

plate circuit in which there is alternating 
) current, we have a condenser, C, and an in- 
ductance, Jy, in parallel. The A.C. circuit in 
the plate of the tube is the vector sum, or 
vector difference, of the two currents in the 
coil and in the condenser. (See Parallel 
Resonance, Chapter IV, Alternating Current.) 
The grid circuit can be considered to be a 
device which varies the plate current and 
which takes little or no energy. The plate 
current can be considered to have two com- 
FicurE 3. ponents, a constant direct current and an 
alternating current, the frequency of which is 
governed by Z£; and C in the tuned circuit. The A.C. current in 
the plate circuit then is the resultant of the two currents, one the 
condenser current and the other the current through the coil. 
These two currents are practically the same in numerical value 
and almost in opposite phase, 

Let the vertical dotted 
line represent the direction 
of the E.M.F. If the re- 
sistance is considered to be 
all in the coil the condenser 
current is represented by 
OC which has a positive o 
phase angle of 90° in ad- 
vance of the E.M.F. The Ficure 4. 
current through the coil 
lags behind the E.M.F. by an angle whose tangent is represented 
by the angle VO/. The current through the coil is represented by 
Ol, whose magnitude is approximately equal to OC, and nearly 
opposite to OC. Both are equal to the current as measured by the 
radio ammeter in series with the condenser. The vector difference 
is Op and is equal to the current in the plate. 
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The plate current can be read by means of a thermo-junction in 
series with a large condenser which is in parallel with a choke coil, 
or the A.C. can be estimated from the readings of the D.C. milli- 
ammeter in the plate circuit. Having the three currents given, the 
parallelogram OCpl can be laid out. Since the resistance is all 
assumed to be in the coil circuit, the tangent of the angle VO/ 
equals Lw/R. This can be checked by measuring the resistance of 
the circuit, CL;, and the inductance of the coil and the frequency 
of the circuit. 

Thus the oscillating tube is simply a D.C. circuit which contains 
an automatic reverse key or commutator which requires little or 
no energy to operate. In this circuit we have a coil and condenser 
for parallel resonance. The large currents measured in the tuned 
circuit are explained by the theory of parallel circuits. The re- 
sistance, R, measured in the resonant circuit, is made up of the 
resistance of the coil and condenser and the equivalent resistance 
of the resistance in the plate circuit, tube resistance or otherwise. 

A study of this circuit in connection with the theory of parallel 
resonance will give one an insight into the theory of tube genera- 
tors. 

189. Conditions for Oscillation; Tuned Grid Circuit. The follow- 
ing is an elementary approximate discussion of the action in a tube 
circuit such as the tickler circuit of Figure 1. It is well to remember 
that when the circuit is oscillating that energy is supplied by the 
battery as fast as it is dissipated in the resistance of the circuit. 
In this the resistance, RK, supposed to be located in the oscillatory 
circuit C.R. and L, is the equivalent resistance of all resistances 
in the circuits. If the circuit is radiating, or if energy is being 
absorbed by outside objects, R includes the equivalent resistance 
of the radiation or absorption. If the supply of energy is suddenly 
shut off, then the current dies down according to the law 
T=I.e ®?4 sin wt, as in a damped wave circuit. 

Assume an alternating current in the tuned circuit, then the al- 
ternating potential of the grid is E,=I/Cw=IJLw. The alternating 
plate current, 7,=£,G, where G is the mutual conductance. Then 
I,=ILwG. The induced voltage in the tuned circuit due to the 
tickler coil is 1,Mw=ILwGMw=ILGMa’?=E. 

The energy is JE=I?LGMw*. When this is less than /°R the 
circuit is regenerative but will not oscillate. The condition for 
oscillation is 
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PR=PLGMwe?, or R=LGMo?, 


since w=1/LC, R=GM/C. 

When LGMa? is greater than R, the tube begins to oscillate and 
the current, 7, in the oscillating circuit, R, L, C, becomes much 
greater. This increases until there is equilibrium. J,, the current 
in the plate circuit, makes excursions up and down the character- 
istic curve, Figure 5, from the lower bend at zero up to the upper 

bend. The D.C. component 

is near the middle of the 

ec’ characteristic. As a general 

thing, the D.C. milliammeter 

in the plate circuit will in- 

b' crease from J, to Ip when 

the tube begins to oscillate. 

190. Condition for Oscilla- 

ation; Tuned Plate Circuit. 

: A somewhat more rigorous 

GRID POTENTIAL explanation of what happens 

Ficure 5. in the tube circuit is given by 

the solution of the following 

differential equations. The equations will be set up and the final 
form of the solution will be given here. 

In this case, assume we have a tuned circuit in the plate circuit, 
as in Figure 3. This circuit is sometimes called the reverse feed 
back circuit. In the plate circuit we have a circuit which in alter- 
nating current is known as a parallel resonant circuit. (See 
Alternating Current, Chapter IV.) In the tuned plate circuit, if the 
resistance is not very large the current in the condenser is nearly at 
right angles with the E.M.F. in the positive direction and the cur- 
rent through the coil lags almost 90°. The resulting current is 
the vector sum of these currents and is relatively very small. 

If Ic, Iz, Ip, are the currents through the condenser, coil and 
plate respectively, the vector sum of the two is equal to the plate 
current, [,=Ic—I_,=GE,—BE,. Remember that the mutual 
conductance, G=u/R and the conductance B=1/R,. 


E,=MdI1/dt, | E,=—RI,—LdI,/dt 
I¢= —CdE,/dt =CRdI1/dt—CLd@®I 1/dt?. 


PLATE CURRENT 


Po 
Characteristic 
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Substituting in the equations for the currents, and writing J for 
Iz, we have, 


CRdI/dt—CLa@?I/dt?—I =GMdI/dt— BRI-—BLdI/dt, 
or 
CLd?I/di?—(CR—BL—GM)dI/dt—(1—BR)I=0. 
The solution of this equation can be put into the form 


T= e*' sin at, 


when 
(CR+ BL—GM) <4CL(1+BR), 
where 
Cligsayiiiles GM 
ne Cs ere 


af (CR+BL—GM)* 
CE 4C2M? 


If @ is positive, the circuit will build up and oscillate. If @ is 
negative the oscillation will decrease, or the circuit will not oscil- 
late. a=0O, is the condition for starting the oscillation and re- 
maining constant. It is understood that in the final state of 
oscillation, a=0. 

When the circuit is oscillating 


fsa (CR+ BL—GM?) 2 + BR cic 
ae 7 Ci Ci 


Gp AC2L? 7coe 


Ii BR is small compared to unity, as is usually the case, the 
frequency of the circuit is the natural frequency of the circuit, C, L. 

This is approximately true if the wave length is long. For short 
waves there is in general an appreciable difference. 

The resistance as measured by the half deflection method 
will be a few ohms—usually under 20. In this case, 20 times B, 
the conductance, or 20 divided by the plate resistance can be 
neglected. 
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191. Indications of the Oscillations. The oscillating current can 
be detected by placing a thermalammeter in series with the con- 
denser of the tuned circuit, provided the current is several milli- 
amperes. Often the power delivered is not enough to show on the 
thermalmeter, or it is inconvenient to use a thermalmeter. A D.C. 
meter in the plate circuit, or even a telephone, can be used to tell 
when the circuit is oscillating. 

In order to understand the action of the meter in the plate 
circuit, consider the diagram, Figure 5. The curve represents a 
mutual characteristic and the sinusoidal curve represents the 
fluctuations of the plate current in an oscillating circuit. If this 
curve is a true sine curve the D.C. meter will read the average cur- 
rent, which will be in the middle at 6’b’. If the grid potential, E,, 
is at the point a, the plate current will be represented by the line 
a’a’. When the tube begins to oscillate, the plate current rises to 
a value near b’b’. If the grid potential is changed to the value rep- 
resented by c by means of a C battery, the current is c’c’ when not 
oscillating but when oscillation starts the current falls to the 
average value near 6’b’. If the grid potential is such as to make the 
plate current read on the middle point of the curve at 6, there will 
be no change of the plate current when oscillation starts. 

Thus a plate ammeter in general suddenly changes its reading 
when oscillation starts. This makes a good oscillation indicator. 
A telephone in the plate circuit gives a peculiar click or flop when 
the current changes. If one stops and starts the oscillations of a 
small tube by touching the grid of the tube, this click is heard and 
one can be sure the circuit is oscillating. 

192. Bypass Condenser; Blocking Condenser. If in the plate cir- 
cuit a telephone, meter or other instrument with high impedance 
is placed, it will be necessary to have a condenser placed around the 
impedance to bypass the radio current. The impedance of the 
condenser for high frequency current is much less than the resis- 
tance of the phones. It is well to place this bypass condenser 
around the B battery as in Figure 3. When placed around the 
battery, the condenser must be insulated high enough to stand 
the potential of the battery. For radio frequency a condenser 
whose capacity is .001 M.F. or larger, will work. The impedance 
of an .001 M.F. condenser at 1000 Kc is near 150 ohms. This 
condenser is sometimes called a blocking condenser, since it blocks 
or stops the direct current from flowing. 
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193. Oscillation Characteristic of a Tube. If a tube is connected 
as in Figure 6 so that the grid potential 
can be changed to values either plus or pent © 
minus and the readings of the D.C. meter 
are taken and plotted against the grid 
potential, as in Figure 7, a curve like the 
heavy line marked “oscillating” is ob- 
tained. This curve is the oscillating 
characteristic of the tube. If the feed ! ~ 
back coil is shorted by the key, K, and 
the readings are taken and plotted, the 
dotted curve is obtained. This will be 
seen to be the regular mutual character- FIGURE 6. 
istic of the tube. 

A full understanding of this curve in connection with the curves 
in Figure 5 will be a great aid in understanding the action of the ~ 
oscillating tube. 


194. Efficiency of a Tube Generator. 

In Figure 5 when the tube is oscillating, 
the D.C. component of the plate is rep- 
resented by the line 6’b’ and if the alter- 
nating current is represented by a sine 
curve which extends from the zero line to 
a line marking the top of the mutual 
characteristic, then 0’b’ represents the 
5 amplitude or maximum value of the 
GRID POTENTIAL alternating current. Then virtual current 
is Imax//2. -Soif the maximum value is 
divided by 1.41 we have the A.C. current 
generated. The current measured by a 
thermal meter in the tuned circuit is much larger, but one must 
remember the A.C. component of the current is the component 
which is in phase with the A.C. E.M.F. in the plate circuit. 
See the diagram, Figure 4. The power in the plate circuit is 
PR=J*naxK/2. The D.C, energy delivered by the B battery 
is 72R. Since the direct current is the same as Imax, the output 
is one-half of the input and the efficiency is 50%. The out- 
put as thus measured in the plate circuit can be transferred to the 
oscillating circuit. Here the power is /’k where the current is the 


FIGURE 7. 


142 THe FUNDAMENTALS OF RApIo 


current measured by the thermal meter and R is the resistance of 
the oscillating circuit as measured by the resistance variation 
method or any other method. The resistance in the plate circuit 
will be transformed into an equivalent resistance which will appear 
as resistance in the oscillating circuit. This is much like finding the 
equivalent primary resistance of a resistance which is in the 
secondary circuit of a transformer. 

Practical measurements of efficiency are made by measuring the 
I°?R energy in the oscillating circuit. The output and the input 
is TE where I is the D.C. meter reading and E£ is the B battery 

195. Oscillating Circuits. So far, we have used two circuits, the 
tuned grid circuit or feed back circuit, and the tuned plate or the 
reversed feed back circuit. These circuits have been diagrammed in 
Figures 1 and 3. If in the tuned grid circuit we disconnect the 
tickler coil Ly from the position next the plate of the tube and 
place it between the filament and the negative end of the B battery, 
we have a circuit as diagrammed in Figure 6, the key, K, open, 
or Figure 8, I. 

When the coil is turned in the right direction to get the tube to 
act as a generator, the windings will be such that the two coils 
could have been parts of a single coil with the filament connected 
to a tap near the middle. This circuit is shown in Figure 8, II. 
In this the coupling can not be changed except by changing the 
filament tap on the coil. This will change the inductance in L; 
and of course the wave length changes. 

The condenser can be moved so as to include both coils as in 
Figure 8, III. This becomes a Hartley circuit, a Hartley series. In 
this the wave length is determined by the two coils in series or 
simply as one coil and the condenser C;. Changing the filament 
tap does not change the wave length. 

In the Hartley series we have placed a bypass condenser around 
the phone and battery. Since the A.C. current passes through 
the condenser and the coil, and D.C. current has no inductive 
effect in the coil, the negative of the B battery can be connected 
to the filament and we have the Hartley shunt circuit, Figure 8, IV. 
The Hartley shunt requires a telephone or an inductance in the 
plate circuit to force the R.C. through the condenser. 
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If in the tickler coil circuit, (Figure 1), the tickler coil is placed 
as in Figure 8, V, the circuit will not oscillate until a condenser is 
placed across the tickler coil and tuned to the same frequency as 
the grid circuit is tuned. This circuit is known by several names, 
Armstrong, grid and wing, etc. Some years ago this circuit was 
very popular. The necessary circuit tuning was done by two vari- 
able inductances or variometers, one each in the grid and plate 
circuits. Figure 8, VI is such a circuit. If the condensers are re- 
moved from the circuit 8, V the tube will not oscillate, but if they 
are coupled inductively by another tuned circuit the tube will 
oscillate. This is known as the Meissner circuit. Figure 8, VII. 

Figure 8, VIII is a Hartley shunt circuit in which the condenser 
has been replaced by two condensers in series. A grid condenser 
with grid leak has been added. These have the effect of a C bat- 
tery. The effect is to make the grid more negative. The filament is 
connected to a tap on the coil near the middle of the coil. If we 
choose to call the potential of the filament zero, there is some point 
in the condenser which has zero potential. We shall assume that 
this point is the junction between the condensers. 

In Figure 8, [X, we have the connection of filament to the mid 
point between the condensers. This is the Colpitts circuit. Since 
we have a grid condenser in the circuit we can discard the bypass 
condenser and we have the circuit of Figure 8, X, which is the 
true Colpitts circuit. 

In the last Colpitts circuit, Figure 8, X, the connections are 
lettered a, b, and c. If one of the condensers is an aerial, the ground 
being connected to the filament connection, we have the Ultra 
Audion receiving circuit. Figure 8, XI. 

It is possible to make gradual transformations from one circuit 
to another until all the many circuits have been diagrammed. A 
circuit may look like a new circuit, but after it has been un- 
scrambled it may be seen to be one of the fundamental circuits. 
Some of these are fundamentally magnetically inductive feed back 
circuits. Others, such as the tuned plate and tuned grid circuits, 
are fundamentally electrical inductive feed back circuits. 

196. Capacity Feed Back. In Chapter XIII we saw that when there 
was a resistance in the plate circuit the potential of the plate fell 
as the plate current increased, and rose when the plate current de- 
creased. If instead of a resistance in the plate circuit we have a 
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tuned circuit, as in Figure 8, XII, the plate current is in phase with 
the E.M.F., and the tuned circuit acts as a large impedance in the 
plate circuit. Since the tube is a condenser, there is capacity of 
measurable values between the plate and grid. Think of the tube 
as a condenser or as an imaginary condenser shunted across the 
plate and grid. When the potential of the plate increases, con- 
denser current runs into the plate side of the condenser and the 
same amount of current runs out of the grid side of the condenser. 
Since current has run out of the grid side 
of the condenser the potential of the grid 
has diminished. The plate side being posi- 
tive induces negative on the grid side. This 
makes the grid more negative than it 
otherwise would be. This tends to stop 
the plate current from flowing and thus 
the plate potential rises or becomes more 
positive. This drives the plate current to- 
ward zero. When the plate current begins 
to increase, the grid is made more positive, 
and the current increases up to higher 
values. Thus there is regeneration through 
the capacity of the tube. The circuit is 
then an electrically inductive feed back, 
or simply a capacity feed back. 

In short waves this capacity feed back 
is very great and there is trouble in keeping 
the tube from oscillating. 

In most circuits magnetic and electric Ficure 9, ARCA. 1 
feed back operate more or less. Some are kw tube which can be used 
primarily magnetic, or inductive, others 4s an oscillator. 
primarily electric or capacity feed back. 

197. The Screen Grid Tube. It is hard to know just where to 
place the discussion of the screen grid tube. The screen grid tube 
as it is now known is a four element tube. It has two grids. The 
filament, ordinary or control grid, and the plate are practically the 
same as in the three electrode tube. The second grid is constructed 
so it practically surrounds the plate on all sides, inside and outside. 

Figure 10 shows the construction of the R.C.A. 222 screen grid 
tube, It also shows a screen placed over the tube. 
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The tube as usually used is used as a screen grid tube in that the 
screen grid is used as a constant potential screen around the plate 


Ficure 10. 


and effectively does away with 
the capacity between the grid 
eas ] and the plate and prevents 
IbA“|_RESQNANT LO oscillation due to tube capa- 

city. 

The screen grid has an am- 
plification constant of about 
300, and like other high mu 
tubes it has a high plate re- 
sistance in the order of meg- 
ohms. Using the control grid 
to steady the regenerative 
action it is possible to use this 
tube as an amplifier and get a 
rather large amount of ampli- 
fication per stage. With radio 
frequency amplification an 
amplification of twenty five 
per stage can be realized. With this high amplification any feed 
back in the circuits will cause the tube to oscillate so it is necessary 
to screen the circuits as well as the tube. 

Figure 11 is a set of plate characteristic curves of the 222 screen 
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grid tube. Figure 12 is a circuit using a screen grid tube as an 
oscillator. 

Figure 10 Chapter XXV is a diagram in which the screen grid 
tube is used as a radio frequency amplifier. 
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A number of power screen grid tubes have been made for trans- 
mitting use. Figure 21 Chapter XXIII is a circuit in which a 
screen grid power tube is a transmitter tube. 

198. Low Frequency Oscillator. If an iron 
core transformer such as an audio transformer 
is connected as in Figure 13 an oscillator ay 
audio frequency can be made. If the connec- 
tion of Figure 13 is changed into a Hartler 
circuit, Figure 8, III, by placing the condenset 
around the two coils instead of around one, 
the frequency can be made lower. If the in- 
ductance of the transformer is large and a 
large condenser is used, the frequency can Ficure 13. 
be made low enough so that the oscillations 
can be counted. 

In connecting the audio transformer, connect the condenser 
around the secondary and use the primary as the feed back. There 
is no rule as to the terminals of the transformer. The proper 
connection must be determined by trial. 

A galvanometer placed in series with the condenser will have 
pure alternating current through it and will respond to the in- 
dividual vibrations if they are not too fast. 


CHAPTER XV 
COUPLED CIRCUITS 


199. Introduction. In radio circuits we usually have more than 
one circuit to deal with. These circuits are coupled together in 
various ways, and their constants and mode 
of responding to the E.M.F. depend upon the 
manner of coupling. There are three general 
methods of coupling—conductive coupling, 
inductive coupling, and capacitative coupling. 
There may be and often are combinations and 
variations of these three kinds of coupling. 

200. Conductive Coupling. Figure 1 which 
is an ordinary shunted circuit containing re- 
sistances and a battery, is a case of conductive 
coupled circuit. The two circuits a and 6 are 
coupled together by the resistance, R. Circuit 
a consists of the battery, the resistance, Rj, 

Ficure 1. and the coupling resistance, R. Circuit 6 con- 

sists of the coupling resistance, R, and the 

resistance Ry. A circuit can be worked out by applying Kirchhoff’s 

laws or by the ordinary law of shunts as applied in elementary 

texts. It will be noted that if we 

apply Kirchhoft’s laws we must 

consider the currents of both 

circuits to be running through 

the coupling resistance, R, in op- 
posite directions. 

201. Capacitive Coupling. Fig- 
ure 2 is a case of two circuits 
which are capacitatively coupled. Ficure 2. 

The coupling condenser, C,,, be- 

longs to both circuits. In this circuit the E.M.F. applied to the 
circuit, 1, is due to the buzzer and battery. This will be seen to 
be a damped E.M.F. 


148 


THE FUNDAMENTALS OF RApIO 149 


202. Inductive Coupling. The circuit, Figure 3, is that of a tube 
generator connected to the circuit, Ci, L,L, so as to make a Hartley 
series circuit. The circuit, L, Lz, Co, is connected to the first by 
the coil, L. This circuit can be said to be self-inductively coupled. 
Since the coil has 
resistance as well 
as inductance, the 
coupling is a com- 
bination, resistance 
and inductance coup- 
ling. 

Figure 4isacase of 
transformer coup- 
ling. Circuits a and DC. 110v. 
b are coupled to- 2a ees 
gether by the mutual TicoER. 
inductance between 
the coils of circuits @ and 6. As placed in the figure, @ and 6 are 
close coupled, while the wavemeter is loose coupled to the other 


FIGURE 4. 


circuits. In the wavemeter circuit the phones and crystal circuit 
is capacitatively coupled to the wavemeter. 

Figure 5, are two circuits with involved coupling containing 
resistance, self-inductance, capacity and mutual inductance. 

203. Equivalence of Coil and Transformer Coupling. In Figure 6 
we have two circuits which are equivalent if the coil, ZL, in the 
first circuit has no resistance, and if its inductance, L, is equal 
to the self inductances, and mutual inductance of the transformer 
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in the second circuit, orif L=L,, =L, — ie" Then under these 
circumstances we see that if we remove the second circuits from 


Frcure 5, 


both diagrams the first circuits are identical and likewise the second 
circuits are identical if the first circuits are removed. 


ib ie 
Ib ine 
[ie eee alg 
1 t 
ie 
FIGURE 6a. FIGuRE 6b. 
Q=L'+L Ly=L'+ Ly, 
Lop=L7+4h Le=L" + Ly," 
Coupling, m=L. Coupling, m=. 
FIGURE 6. 


204. Reactance and Susceptance Diagrams. In our equation for 
current with resistance, inductance and capacity we have 
E 
ee = ; 
V R?+(Lw—1/Cw)? 
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The reactance due to the inductance, L, increases directly as w. 
The reactance of the condenser is inversely as w. Then the 
reactance of the coil, which 
we shall consider to be posi- 
tive, 1s represented by a 
straight line in Figure 7. 
The reactance of the con- 
denser is considered to be 
negative, and is represented 
by an equilateral hyperbola 
drawn below the zero line. 
The resultant or actual re- 
actance is represented by FIcureE 7. 
the difference of these lines 
which is represented by the curved line marked “‘total reactance.’ 
This applies to a series resonance circuit, Figure 8. 

The diagrams in Figure 7 represent the change 
of the reactance as w, or the frequency is changed. 
The line marked total reactance crosses the zero 
axis at w’, which is the value at which the reactance 

c is zero, or at which the impedance is a minimum 

and the current is a maximum. 

E In parallel circuits, Figure 9, the total current is 

Ficure 8. equal to the sum or vector sum of the separate 

currents. Instead of calculating reactance it is 

better to calculate susceptance, which is the reciprocal of the 

reactance, Figure 10. Susceptance and reactance have the same 

relation to each other as conductance 
and resistance. 

In Figure 11, which is a simple parallel 
resonance circuit in series with the con- 
denser, Ci, the susceptance of the coil is 
1/Lw, and the susceptance of the con- 
denser is Cow. Plotting these in Figure 10 
we have a straight broken line, wC2, for 
the condenser and a curved broken line, 
1/Lw, for the coil. The difference is the heavy broken line passing 
through wo, at which point, the susceptance is zero, the reactance 
is infinite and the current is zero. If there is some resistance 


Total Reactance 


Reactance 


d 


FIGURE 9. 
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in the circuit the impedance is a maximum and current is a mini- 


mum at this value of the frequency. 


Of\ Susceptance 


— Total Susceptance 
ee SS aes 


FicureE 10. 


If the reciprocal of the 
ordinants of the line marked 
“Total Susceptance”’ is plotted 
we have the full line curves 
marked ‘‘reactance.”’ diskie 
reactance changes from plus 
infinity to negative infinity 
at the point wo. 

If to the reactance, X’’, of 
the parallel circuit we add 
the reactance of the con- 
denser C;, we have the total 
reactance as given in Figure 


12. The circuit has a natural frequency corresponding to w’, 


and a frequency wp» where the 
current is a minimum. a 
depends on the parallel cir- 
cuit. If one wishes to reject 
a certain frequency, a har- 
monic in a generator circuit 
or a disturbing station in a 
receiving circuit, a parallel 
resonant circuit can be placed 


Ficure 11. 


in series with the main circuit and tuned to this frequency, wo. 
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Ficure 12. 


The main, “circuit .cane be 
tuned to the desired fre- 
quency, w’, by means of the 
condenser or inductance in 
circuit 1. A wave trap is a 
condenser and coil placed in 
parallel and placed in the 
receiving aerial circuit, 
When the wave trap or cir- 
cuit 2 is tuned to the dis- 
turbing station, signals from 
that station are rejected. 


If the circuit is as in Figure 13 where circuit 2 has an inductance, 
L’’, as well as the coupling inductance, L, then the susceptance of 
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L” and C2 which are in series, can be found by finding the re- 
actance as in Figure 7 for the two in series, and then taking the 
reciprocal as in Figure 14. The 
susceptance has two branches 
which go to infinity at the value 
of w’, which make L’” and C in 


resonance. 


To this add the sus- 


ceptance of the coil LZ, Figure 14. 
We get a curve, S, starting from 
plus infinity passing through zero 
at wo and passing to negative in- 


finity at w’. 


Ficure 14. 


Ficure 13. 


Then the curve comes from plus infinity and ap- 


proaches zero for large values 
of w. 

Taking the reciprocal of 
the susceptance, S”, and 
adding 1/Ciw, the reactance 
of the condenser, Ci, Figure 
15, we have the total re- 
actance, X, which is a line 
starting from negative in- 
finity, passing through zero 
and to plus infinity at 
wo, again coming from nega- 


at w 


tive infinity at wo, passing through zero to the right of w’, at wn’, 
and then passing to positive infinity at infinity. Thus we have the 


reactance zero at two values 
of w, namely, at w’”’ and ay’. 
A coupled circuit in general 
has two natural frequencies. 

We have worked out the 
case of inductance coupling. 
Capacative coupling can be 
shown to give the same 
general results if we make 
our susceptance and reac- 
tance diagrams in the same 
general manner as worked 


out in detail for coil coupling. 
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Freure 15. 


154 THE FUNDAMENTALS OF RADIO 


205. Transformer Coupling. In Figure 6 we have shown two 
circuits and we have said that they were equivalent if L=L»’ 
=L,,"=M. It will be seen that this is the case when all the in- 
ductance is in the coupling coil. In a transformer coupled circuit 
the coupling inductance, M, can be easily changed by moving the 
two circuits apart or by other means. The self-inductance in the 
two circuits remains constant as the coils are moved or as the coup- 
ling is loosened so that the constants of the two circuits remain 
the same. 

If in a coil coupled circuit like that in Figure 6a, we are to loosen 
the coupling and still keep the frequency of the individual circuits 
constant, we must have a method of diminishing the value of L, 
and adding inductance to L’ and L” in such a manner that the 
total self-inductance in each circuit remains fixed. It will be seen 
that transformer coupled circuits are much more convenient when 
it is desired to change the coupling and not change the constants 
of the two circuits. In general, the value of the mutual inductance, 
M, is smaller than the total inductance in the circuits, so our 
reactance and susceptance diagrams will be like those in Figure 15, 
instead of those like Figure 12. There will be, in general, two fre- 
quencies with a transformer coupled circuit and the diagram in 
Figure 15 will apply. Ifa coil, L’, Figure 6a, is in the first circuit, 
the reactance of this coil can be added to the reactance of that 
given in Figure 15. The reactance of the coil will be positive and 
represented by a straight line from zero in the diagram. Adding 
this to the reactance in Figure 15 will give curves of the same 
general shape. The position of w’’ and aw,’ will be shifted a little 
but there will still be two frequencies. 

206. Coupling Coefficient. The amount of coupling, as has been 
pointed out, depends upon the relative values of Z to that of the 
total inductances, L; and JL» in the circuit, Figure 6, or upon the 
ratio of the mutual inductance, M, to the total L; and Ly. 

In general, the amount of coupling depends on the coupling 
reactance, X, to the reactances of the circuits, X; and X». The 
coupling coefficient k= X/./X,X2. The letter X here stands for the 
reactance in the circuits, whether positive or negative. If X is 
positive in the coupling, X; and X» are positive reactances in the 
two circuits. Thus k=Mo/vV/ Lolko=M/\/ Ine in the trans- 
former coupled circuit. 


» 


THE FUNDAMENTALS OF RADIO 155 


R= 1)/\/ Lis, inthe coilcoupled circuit of Figure 6a. If the circuit 
is capacitative coupled, Figure 2, 


(1/Cw) VOC. 
V(1/Ciw)(1/Cw) © 


In the diagrams we have shown that there are, in general, two 
values of w, in coupled circuits. Since w=2rn and \=2/n we 
can say that there are two values of , or that there are two wave 
lengths to which the circuit responds. Since \=1884 »/ZC in 
a simple circuit, the equation of the wave length, \, in a coupled 
circuit can be written X=1884,/CL(1+&). Since k= M/W/LiL}, 
k depends on the value of the mutual inductance, M. If M=L,=Ly, 
the coupling coefficient, k, is equal to unity and then the two values 
of the wave length, A, are 1884\/2ZC and zero. In diagram, 
Figure 12, there is only one value where the reactance is zero, 
or one point where the curve, X crosses the zero line. The re- 
actance is also zero at the point where w is equal to infinity. This 
is the point where the reactance of the condenser, C;, and the 
reactance of the parallel circuit are both zero. 

In order that the mutual inductance of a transformer be equal 
to the self-inductances of the coils, the coils must be exactly alike 
and all the flux from one coil must go through the other. This is 
very approximately true if the like coils are wound on an iron core. 

In an ordinary iron core transformer the value of the mutual 
inductance is equal to the square root of the product of the self- 
inductances of the coils. Thus in an iron core transformer, or 
in one in which there is no leakage flux, the coupling coefficient, 
k, is unity. 

When the value of M@ becomes very small, or when k approaches 
zero, both values of the wave length approach the same value. 
If both circuits are tuned to the same wave length the current in 
the second circuit is that due to an E.M.F. induced in the coil 
by the small mutual inductance. The frequency of this E.M.F. 
is the same as the frequency of the current in the primary circuit 
The maximum current in the secondary circuit will be obtained 
when the circuit is tuned to the frequency of the primary circuit. 

When the two circuits are tuned to the same frequency and the 
coupling is increased, the current in the secondary circuit increases 
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and then becomes constant. If the coupling is still increased it 
is found that there are two frequencies. For sharp tuning the 
coupling must be rather 

i | | loose. The diagram, Figure 
16, gives the variation of the 

wave length as the coupling 
is increased. Diagram, 
Figure 17, gives the change 
of wave length when the two 


on 
1 circuits are tuned to different 

Aj SLi a ee ee oles wan L Deres ise aacentanm 
K, coupling value of the coupling which 

Ficure 16. make the two values of A 


nearest together. 

207. Resonance Curves. lf we haveacoupled circuit, Figure 6b, 
energized by a spark discharge and bring a wave meter near the 
circuit, a milliammeter in the wave meter circuit will show a 
current when the wave meter is tuned to the right value. If the 
wave meter is tuned for maximum current and the coupling is 
decreased to a value such that 
the maximum reading is not 
greater than the maximum 
reading of the milhammeter, 
readings of the current can be 
made as the wave meter con- 
denser is varied from small 
values of capacity and small 
current and up to values giving 
maximum current, and to large 
values of the condenser such A soupling 
that the current is near zero. Ficure 17. 

If these readings of current are 

plotted against the angular velocity, w, we have what is known as 
resonance curves. Instead of w, frequency, m, or wave length, i, 
or even the condenser dial reading can be used as abscissas and the 
curves will look alike. When the circuits are closely coupled there 
will be two points of maximum current or two humps or peaks in 
the curve. As the coupling is loosened the two peaks are found 
to come together and finally coalesce into one peak. When the 


X and A” 
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circuit is adjusted so this one peak is very slim, we say we have 
sharp tuning. Figure 18 gives characteristic resonance curves for 
various amounts of coupling. 
For these readings there 
should be enough power in 
the circuits so that the wave 
meter is coupled very loosely 
The current in the main circuit 
should not be affected ap- 
preciably by the tuning of 
the wave meter. Wavelength 

208. Effect of Resistance on Ficure 18. 
Resonance Curve. In a simple 


Greater than Critical 
Coupling too Close) 


Critical Coupling 


Signal Strength 


Less than Critical 
(too loose) 


circuit the minimum impedance is equal 
or TT al TT 1 to the resistance of the circuit. If the 
; oy reactance of the circuit is equal to the 


resistance the current will be reduced to 
one-half of the maximum value. Thus if 


the resistance is large, there will be a 


chms|  Telatively slow change of the current when 
looms| the reactance is varied by changing the 
capacity in the resonant circuit. Figure 19 


700 Bio te #00 shows the variation of resonance curves 
with resistance. 
209. Modes of Vibration of Coupled 
Circuits. In a transformer 


Ficure 19. 


coupled circuit containing a 
condenser and a spark gap for 
generating damped waves, the 
energy is first in the primary 
circuit. This energy is ab- 
sorbed by the secondary cir- 
cuit and there comes a time 


Secondary 


when the energy is mostly in 
the secondary circuit. This is Brewer 20) 

reabsorbed by the primary 

and again given to the secondary circuit. Figure 20 gives a diagram 
illustrating this action. Figure 21 gives the mode of vibration 
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of a circuit having a quenched gap. 
explained by the coupled pendulums 


FIGURE 21. 


This action is illustrated and 
of Figure 9, Chapter XXIII. 

210. Coupled Circuits En- 
ergized by Vacuum Tube Os- 
cillators. If a vacuum tube 
oscillator is coupled closely 
to a second circuit and the 
second circuit is tuned in an 
attempt to get maximum 
current, the current will in- 
crease gradually until sud- 
denly the ammeter drops 
toward zero. If the circuit 
is tuned again the current 


increases again, indicating that the wave length of the oscillator 


has a new value. Tuning again increases the secondary circuit 


until the oscillator breaks or flops 
between two values. Figure 22 indica 


again. The generator flops 
tes the readings of the meter. 


If the curves are filled in to make smooth curves we will have a 


Current 


Wave Length 


FIGURE 22. 


curve with two peaks, as in a coupled circuit. In coupled oscil- 


lating tube circuits the oscillator h 


as two modes of vibration, 


but vibrates in only one mode at any one time. 


If the coupling to a tube genera 


tor circuit is too close, the 


tube may flop from one wave to another without warning. In 
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Figure 22 we have a curve illustrating the action of the oscillating 
tube when closely coupled to a circuit. If the wave length of the 
secondary circuit is 
increased from small 
values to larger values, 
we have two condi- 
tions. If the oscillator 
happens to be oscil- 
lating on the shorter 
of the two possible 
waves, we have the 
condition marked as 
path (1). The current 
increases to a certain 
point where the oscil- 
lator flops to longer 
wave length, and the 


current drops to the Frcure 23. Antenna Coupling Equipment in the 
second resonance curve. Coupling House under the Antenna at Station 3XN. 


As the wave length 

is increased the current increases and then flops to lower values 
and decreases as the wave length is increased. This is shown in 
the path marked (1). Should the oscillator be oscillating on the 
long wave as the wave length is being increased, the path (2) will 
be followed with one flop. Coming from the right to the left in 
the diagram there are two paths (3) and (4) which are possible. 


CHAPTER XVI 


HOW RADIO MESSAGES ARE TRANSMITTED 
BY THE ETHER 


211. Essentials. In radio transmission there are three things 
essential: A sending station to create a disturbance, a medium to 
carry this disturbance from the sending station, and a receiving sta- 
tion to tell when the disturbance goes by. Let me use an analogy 
to illustrate. 

212. Water Wave Analogy. I shall have to ask you to use your 
imagination. Imagine that two boys have gone fishing. The fish 
will not bite and the boys have given up. Imagine that Boy No. 1 
has tied a heavy chunk of wood on to the end of his fishing line and 
is causing the chunk to bob up and down on the water. This up 
and down action makes waves on the water which go to all parts 
of the pool in ever widening circles. Boy No. 2 is at some distance 
on the other side. He is endeavoring to feel the slight jerk of the 
cork as it bobs on the water and thus tell when the waves which his 
partner has sent out pass. 

If the boys have previously agreed that a certain number of 
waves mean a certain thing; that is, if they have a code, they have 
all the essentials of a wireless system. They have something 
vibrating to create waves. They have a medium, the water, to 
transmit the waves from one point to another, and they have a 
more or less delicate contrivance to tell wnen the waves go by. 
These three things are all you need in a radio station. If you were 
there you could see the chunk of wood vibrate, you could see the 
waves on the water move across the pond, and you could perhaps 
see the light cork vibrate. You could count the number of vibra- 
tions per second which the float made. You could measure the 
distance between the crests of two successive waves or the wave 
length of the waves, which in this case is a few inches. You will 
note that the velocity of these water waves is not very great. 

213, Air Wave Analogy. If on a cool morning you are looking 
at a locomotive which is a mile away, suddenly you see a white puff 
of steam and after about five seconds you hear a loud blast of the 
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locomotive whistle. If the pitch of the whistle is that of 100 vibra- 
tions per second, there will be about 500 waves in the air between 
you and the whistle. The length of the wave will be a little more 
than 10 feet—about 11. This wave length is obtained by dividing 
the velocity of sound, about 1100 feet per second, by the number of 
vibrations per second. In this case you can see the steam which 
caused the whistle to vibrate. You can hear the waves go by, but 
you cannot see them, since you cannot see the air. The whistle is 
the sending station, the air is the medium which carries the waves, 
and your ear drum is the receiving station. 

214, Light Wave Analogy. Our forefathers in colonial days used 
waves to transmit their signals. They built signal fires on a high 
hill. The fire caused something in the atoms to vibrate. This 
vibration set up waves in the ether. These waves as they passed 
by caused a sensation in the eyes of the distant observer. We 
call these ether waves, light. The ether is a medium which pervades 
all space. We cannot see, hear, taste, feel, or smell the ether. We 
become conscious of its presence only when we study light and elec- 
tric wave transmission. We can measure the wave length of light 
and of electric waves. Therefore, we conclude there must be some 
medium to transmit light and electric waves. We call this medium 
the ether of space. The velocity of light is three hundred million 
meters per second, or 185,000 miles per second, a distance equal to 
seven times around the world. Although the velocity is very great, 
the vibration frequency of light is so great that the wave length of 
light is a very small fraction of an inch. 

The human being is equipped with a delicate receiving apparatus 
for sound waves and also for light waves. Our ears are tuned 
for a large number of wave lengths of air waves—but not for all 
possible wave lengths. Our eyes are also tuned for a large number 
of wave lengths of light or ether waves, but not for all possible 
wave lengths. At times there is a great deal of interference. It is 
hard to see a dimly lighted object when a bright light is shining 
nto our eyes. It is hard to hear a person speaking in a noisy room. 
If we could tune our eyes or our ears to the particular wave length 
we wish to receive, a large amount of the interference produced 
by a glaring light or a noisy room could be avoided. 

In mechanical receivers for sound the receiver is many times 
more sensitive if the natural frequency of the receiver is the same 
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as the frequency of the sending station or sounding body. Take 
two tuning forks which are exactly alike. Strike one and hold it 
a few feet from the second. Stop the vibrations of the first and the 
second will be found to be vibrating. The sending station and the 
receiving station are both tuned to the same wave length—about 
four feet, or one and a quarter meters if the forks are middle C 
forks. 

Take the fork to the piano, hold the damping pedal down and 
strike the fork. A sound of the pitch of middle C will be heard 
coming from the piano. If you examine carefully you will find 
that the only string vibrating is the middle C string. Each string 
on the piano board will respond to or detect a note of a certain 
pitch or wave length. The long heavy wires will respond to long air 
waves, while the short fine wires will respond to the short air 
wave lengths. 

The sensitiveness of the sound receiving station is much in- 
creased when it is tuned to the wave length of the sending station. 
The electric circuit is tuned by changing either the capacity or 
the inductance of the receiver. 

You are changing either inductance or the capacity of your 
receiving circuit when you twist the knobs. 

215. Vibrating Electricity. In a radio transmitting station we 
have electricity vibrating or oscillating in an electric circuit. 

One of the essential parts of this circuit is 

the aerial. An aerial is essentially a con- 

denser and an inductance. In Figure 1 it 

is easy to see that the “‘flat top”’ of the aerial, 

together with the ground, is a condenser. 

From the ground we have a wire which has 

inductance and perhaps a coil. Thus this 

> circuit is nothing more than our wave meter 
Ficure 1. circuit. The electricity oscillates up and 
down the high aerial and disturbs the ether 

which is about the aerial. We can not see electricity, so the aerial 
looks to us the same when transmitting as when the station is not 
transmitting. This oscillating electricity sets up disturbance or 
waves in the ether, and since we can not see the ether we do not see 
the waves. These electric waves travel out in all directions in ever- 
widening circles, the same as the waves on the pond. When passing 
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by a receiving aerial they cause electricity to oscillate in the cir- 
cuit, provided the receiving circuit is tuned to the same frequency 
or wave length as that of the sending station. The velocity of any 
wave depends upon the medium and not upon the source of the 
disturbance. Since these waves are ether waves, and light 
waves are ether waves, the velocity of electric waves is the same 
as the velocity of light—three hundred million meters per second. 
The vibration frequency is relatively high, in the neighborhood of 
one million times per second. Divide the velocity of electric waves 
—300,000,000 meters—by 1,000,000, we have 300 meters as the 
wave length. The electricity in the aerial circuit oscillates 1,000,000 
times per second when the station is tuned to 300 meters. It oscil- 
lates 833,000 times per second when tuned to 360 meters, and 
750,000 times per second when tuned to 400 meters. If you are 
listening to a 360 meter station which is 100 miles distant, there 
will be about 450 waves between you and the sending station. It 
will take about 1/2000 part of a second for the waves to travel 
from the sending station to your receiving station. 

You will see that a complete wireless outfit consists of some- 
thing vibrating which causes a disturbance, a medium to transmit 
this disturbance or waves, and a delicate receiving apparatus to 
tell us when the waves go by. This is what the boys at the fishing 
pond have. Boy No. 1 is at the transmitting station. He is oper- 
ating a vibrating chunk of wood. This causes a disturbance in the 
water. The water transmits the waves over the surface and Boy 
No. 2, who is at the receiving station, becomes conscious of the 
passing waves when they cause a slight vibration of the cork, 
Figure 2. 

The boys’ transmitter and receiver are very much alike; in 
fact, they are exactly alike except for size. This is true in radio 
transmission. The connection or fundamental circuits of the 
transmitter and receiver may be exactly alike. The only dif- 
ference is the size of wire used and power of the tubes. This 
will be apparent if one examines the circuits. In the transmitter 
the audio frequency amplifiers are in front of the radio circuits. 
In the receivers they are placed behind the radio frequency circuits. 
The radio circuits may be exactly the same circuit, Hartley, for 
example in both circuits. 
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216. What are Electric Waves? We have said that electric 
waves are disturbances in the ether of space. If on a cold morning 
you comb your hair with a rubber comb and bring the comb near 
a small piece of paper, the paper will suddenly jump to the comb 
and perhaps after some little time the paper will suddenly jump 
away again. We say the electricity on the comb attracted the 
paper. How did it pull it? There were no strings between the two. 
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FIGURE 2. 


We explain it by saying that there was an electric field between 
the two. No one ever saw the field. All we know is that there is an 
attraction between the two. If instead of paper we use more deli- 
cate apparatus such as an electroscope, we can see that these 
effects extend for some considerable distance from charged bodies. 

If we have a ball on an insulated pole and charge it up positively 
we can show that another ball at a short distance is charged 
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negatively. Figure 3. If the charge on the first ball is changed, the 
charge on the second ball is changed. If we arrange to alternately 
charge the ball positively and negatively, the second ball will 
change sign of charge at the same rate, and if we have an ex- 
ceedingly sensitive ammeter in the wire connecting the second ball 
to the ground, we will find that 


there is an alternating current 
flowing in the wire. If the fre- 
quency of alternating is very & S 
rapid and the distance between 


the balls is increased, the balls FicureE 3. 
will not be charged oppositely. 
They may be always charged alike at any particular instant. This 
is due to the fact that it requires time for the effect to travel from 
the first ball to the second. If the distance is 150 meters and the 
frequency is one million per second, the balls will be charged 
exactly alike. This is due to the fact that it requires one-half of a 
millionth of a second for the effect to travel from one to the other. 
In this time the first ball 
has changed sign of 
charge. If the distance 
is increased to 300 meters 
the balls are oppositely 
charged again. tive 
charge on the second 
ball is due to the charge 
which was on the first 
ball one millionth of a 
second before. 

We call the effect 
which causes the static Ficure 4. 
charge, an electric field. 
This may be represented as in Figure 4 by lines which start from 
the positive charge on the ball and end on negative charges in 
the ground, perhaps. If the ball is charged negatively the direction 
of the field is toward the ball instead of away from it, as in the 
picture. If the charges alternate rapidly the field may be imagined 
as being as in Figure 5. As the charge on the aerial ball changes 
rapidly the lines of the electric field are “snapped off,” and after 
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a short time they reach the Heaviside layer and travel horizontally 
between the Heaviside layer and the earth as vertical lines which 
are alternately up and down in direction. 

217. Magnetic Field. In order to charge the aerial there must 
be an alternating current in the downlead of the aerial and this 
causes a magnetic field, which will be perpendicular to the plane 
of the paper. Since this is an alternating current the magnetic 


Earth 


--- ---- +++ + 
E down down up down up 
H out in out in out 
FIGURE 5. 


field will be alternating and at a distance from the aerial will be 
in phase with the electric field. An electric wave, or electromag- 
netic wave, consists of an electric field and a magnetic field which 
are in space perpendicular to each other and which in time are in 
phase. We usually think of the electric field as vertical to the earth, 
and the magnetic field as parallel to the earth. Both of these fields 
are perpendicular to the direction of the velocity of the wave. 
The velocity in Figure 5 being from left to right, and the direction 
of the magnetic field is as marked under the figure, in and out of the 
plane of the paper. 

Maximum electric field, EH, being at the same place as the 
maximum magnetic field, H, the magnetic field, H, is the radiation 
field. This is explained in the chapter on Radiation and Induction. 
If we try to picture the fields near the aerial we will have trouble, as 
the field which we usually think of in connection with current elec- 
tricity is induction which is out of phase with the electric vector. 

Ata distant point suppose that an aerial is, as in Figure 5, and at 
a particular instant F& is vertically upwards. The aerial beinga 
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conductor, the lines in the neighborhood end on the aerial and we 
have an E.M.F. which is equal to the field times the length, or 
e=Eh where h is the height of the aerial. If we consider the 
magnetic field, H, as moving with a velocity, v, past the aerial, 
we have an E.M.F. which is equal to the number of lines of force 
cut per second, or e=Hvh. Numerically these two values of 
electromotive force are equal, since E and H are numerically equal 
and the dimensional relation of the two units is v, the velocity of 
light. In fact, these two, E, and H, are always associated together 
and in reality are the same thing—an electromagnetic wave. Two 
equal vectors, HE and H, moving in space with the velocity of 
light, v, constitute an electro-magnetic wave, or electric wave, for 
short. 

Reverse either EF or H and the direction of motion, v, is reversed. 
To reflect an electromagnetic wave, reverse one vector, either E 
or H, but do not reverse both vectors. 

218. How Radio Messages are Transmitted. The alternating cur- 
rent in the aerial creates a disturbance in the ether, the ether carries 
this disturbance to distant points as a wave. The waves in passing 
a second aerial create an electromotive force which can be detected 
if we have a tuned receiver of sufficient sensitivity. 

219. Static. Static is caused by electrical disturbance in the 
atmosphere or in space. Most people when speaking of static mean 
any disturbance whatever which makes a noise in the loud speaker. 
Local disturbances such as motors, etc., and set noise can be 
remedied, but static is something which so far is not under man’s 
control. The only way static has been overcome is to increase the 
power at the transmitter until the intensity of the signal is greater 
than static. 

Selective receiving aerial will eliminate a certain percent. But 
for broadcasting reception one wishes to receive from all directions. 

It has been calculated that on the average there are one hundred 
flashes of lightning per second on the surface of the earth. Light- 
ning alone might account for all disturbances. 

Fading is a coming and going of the signal. Not only does the 
intensity vary but often it can be noticed that the quality of the 
music changes with fading. Fading is usually explained by inter- 
ference. A signal may come directly to the receiver or it may pass 
to the Heaviside layer and be reflected down. The two beams or 
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rays may meet at the receiver to interfere destructively or 
constructively. This will cause a change of the intensity if the 
lengths of two paths change in the mean time. The Heaviside layer 
is supposed to vary in height at times very rapidly. Fading might 
be explained if we receive the signal reflected from the Heaviside 
layer if the tilt of the layer changes. Then for certain angles the 
intensity will be greater than for others. 

The subject of fading is one that has not been explained satis- 
factorily in all details. 


CHAPTER XVII 
RADIATION FROM AN AERIAL 


220. Introduction. In Chapter XVI we have said that the elec- 
tric wave is a vertical electric field and a horizontal magnetic field 
which are in phase and travel together. In our elementary picture 
of the transmitting aerial we have assumed the aerial to be a large 
ball at the top of a long wire. Figure 4 Chapter 16. It is convenient 
to think of all the capacity as being at the top or in the ball and 
all the inductance as being in the down wire. This is not true be- 
cause both the capacity and inductance are more or less distributed 
in the aerial, but we will consider the simple case and then make 
corrections when needed. Ii all the capacity is at the top, all the 
current flows back and forth from the ground to the ball and the 
ball alone is charged. When the ball is charged positively the lines 
of electric force extend or go from the ball to the ground or into 
space. When the ball has the greatest potential the electricity 
has ceased flowing into the ball and the current is zero. When 
the ball has discharged to zero potential the current has the maxi- 
mum value. We, of course, must assume we are dealing with 
alternating currents and potentials. 

As stated before when the current is a maximum the magnetic 
field has a maximum value and we are at a quandary to see how 
the two fields are to have maximum values at the same time. 

221. Radiation Field. In Scientific Paper of the Bureau of 
Standards No. 354, J. H. Dellinger has shown how the induction 
magnetic field, which we are accustomed to think of, is a different 
thing from the radiation magnetic field which we have in electric 
waves. 

In Chapter I we have gone into the subject of fields and poten- 
tials about magnets and coils with considerable detail. The excuse 
for this detail is that we hope to use this in explaining the fields 
about coils and aerials. 

Dellinger starts with a vector potential, [i]k/«. The line integral 
of a vector potential is equal to the induction, or wH. This is equal 
to H, since wu is unity. 
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The concrete conception of the vector potential and the meaning 
of the line integral of a vector potential is rather hard to give. We 
perhaps can give an idea of the line integral of an electric field. 
The line integral of an electric field is equal to the work done in 
carrying a unit positive charge of electricity. This is equal to the 
difference of potential or electromotive force. The line integral 
around a coil is numerically equal to the E.M.F. in the coil. The 
E.M.F. in a coil is also equal to the rate of change of flux through 
the coil. Thus the line integral of the electric field, EZ, is equal to 
dH / dt. 

In Chapter I we showed that the field about coils and magnets 
was equal to the negative space derivative of the potential or 

H=—dV/dt. Thus the field due 
to-a.coillat a point, 2, is. =21 A/c 
which is the negative space deriva- 


As tive of [A/x? which is the potential 
at the peimt, 

© If we assume that the general 

IN equation for field due to a current, 


H=f(Ids/d?) cos @ applies to an 

lf aerial, Figure 1, where the height, 

Ficure 1. h, is small compared with the dis- 

tance between aerial and the point, 

P, so that the integral of ds becomes h, we can get H=Jh/d?. 

Then V=Jh/x, if d=. This is true since the negative derivative 

of V is equal to H. In this equation the potential has the same form 

as Dellinger’s vector potential, [i]k/x. However, the two po- 
tentials are not the same thing. 

222. Alternating Current Fields. So far we have assumed that 
the current, J, is direct current or if alternating current the virtual 
field due to the alternating current, 7, is numerically the same as 
that produced by a direct current of the same value. Since the 
current in an aerial is alternating current, J must be replaced by the 
expression J=J) sin wt. If we use this value of J in the expression 
for V and take the space derivative and use the ‘root mean square”’ 
we get the same value for H as before. This is the field which is 
called induction. Thus induction is the field we usually think of 
when we speak of self-induction, of mutual induction, of trans- 
formers and induced currents. Due to induction, energy is stored 
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up in the field when the current is increasing and the energy is 
again absorbed by the circuit when the current is decreasing. In 
a pure inductive circuit with alternating current no energy is 
dissipated. All the energy stays at home. None is radiated into 
space. The current is ‘‘wattless.”’ 

223. Retarded Potential. In the case of the aerial we know that 
the field at any particular instant is different at different positions. 
The field at a particular time at a particular point is due to the 
current which was in the aerial a fraction of a second before. The 
current may have reversed several times in the meantime. To take 
this into account we must change our equation for the current to 
I =I) sin w(t—t’) where #’ is the time it has taken for the wave to 
travel from the aerial to the point in question. Since ¢#’/=«/v 
where v is the velocity of light our value of the vector potential is 


_ Ag sin w(t— x/2) 
ol east geri 
Then 
dv d (hIo sin w(t—«/v)) 
me dx x es 


H= 


hIo ‘ hI qw / 
ae sin (wt— «/v) +—— cos w(t— x/2). 
x Xv 


Thus we see that the field, H, consists of two parts. The first 
is the field we get by considering the current to be constant, or if 
alternating current, by considering the field to be independent of 
the sine of the angle. This virtual field is numerically the same 
as the field due to a direct current. 

The second part is that in which we consider the angle to depend 
on the distance «. The two parts are out of phase by 90 degrees. 
We remember we had trouble with the ordinary field in our 
elementary picture because it was out of phase with the electric 
field. This second part is in phase with the electric field. 

The first part is induction. The second part is radiation. The 
first part, the induction, diminishes as the square of the distance 
while the second the radiation, diminishes as the distance. 
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224. Virtual Fields. We can write the virtual values of the 
magnetic field by considering the sine and cosine to be unity, and 
writing J for the virtual current, then 


Induction, H=/1/ x? 
Radiation, H=hIw/ox. 


If J is measured in amperes, 7/10 will give the value of J to make 
the field in lines per square centimeter. Since 


w Qa 

v a ON 
hl2a 
Radiation, 4 =—— - 
10A\« 


Equating the two values and solving for x we find that the two 
components of H are numerically equal when x=A/27. At a 
distance equal to 1/6.28 of a wave length the two values are 
numerically equal. Since they are in time quadrature the measured 
value will be 1.414 
times the calculated 
value of one. Closer 
to the aerial” the 
value of H is nearly 
all induction and 
diminishes as_ the 
square of the dis- 
tance. Beyond this 
vi point. the. elds 1s 

mostly all radiation 
Frcure 2. and varies inversely 
as the distance. 

225. Coil Aerial. If instead of an antenna aerial we have a coil 
aerial the induction can be calculated as has been done in Chapter 
I. Induction is the ordinary field due to direct current. It is found 
to diminish as the cube of the distance froma coil. It is 27.4 /d? per- 
pendicular to the plane of the coil and JA /d* in the plane of the coil. 

For radiation we follow Dellinger, considering a square coil 
in the XY plane of height /, and length /, Fig. 2. The horizontal 
parts will not contribute to the field at a point P in the horizontal 
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plane. Then the radiation at P consists of two components, 
one each from the two vertical wires. These two will be equal 
but slightly out of phase because the distance of one is greater 
than the other by / centimeters. The resultant field at P is the 
vector difference of the two equal vectors which differ in direction 
by a small angle, 6. 0/2r=1/d or 6=2nl/X. In the diagram, 
Figure 3, the vector oa is the vector difference of the two values of 
HW og—2Hy sin @/2) since @ issmall, sin é/2=6/2, then 


hI\ 2nl ‘ 
oa=H=27 (“) — = 47° All /d2x. 
ey 

Thus the radiation from a coil in the plane of the coil varies 
inversely as the distance while the induction 
varies inversely as the cube of the distance. : 

The radiation from a coil varies inversely as N 
the square of the wave length while from an ; 
antenna radiation varies inversely as the wave 
length. 

226. Relative Induction and Radiation. We 4 
have seen, Chapter I, that the induction field it te 
from a small coil is the same as that from a if 50 
short magnet if we assume that the magnetic 
moment of the coil is JA. The values for the Ficure 3. 
field have been worked out for points end on 
and broadside on, Figures 14 and 15, Chapter I. For values at 
intermediate points the short magnet can be supposed to be 

resolved into two magnets at right 


as angles to each other whose combined 
Msin® een effect is the ete that of the original 
R OS iy magnet. The magnetic moments of 
5 ee ee ee 


these magnets will be M sin @ and 
M cos @. One of these resolved mag- 
nets, Figure 4, will be end on to the 
eure point and the other is broadside on to 

the point. The coil can be resolved in 

the same way and the field at any point, p, is the resultant of 
the two fields 227A cos 6/d* and JA sin 6/d’?. The resultant of these 
two fields is (1A /d*)/\/1+3 cos?@. The direction of this field is 
tangent to a circle whose center is in on the plane of the coil, and 
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which passes through the point, P, and the center of the coil, 
Figure 5. 

An exploring coil must be placed with its plane perpendicular 
to these circles which show the direction of the field in order to 
get the maximum effect. Thus in Figure 5 
it will be seen that the exploring coil must 
be turned through 180° as it is moved from 
the plane of the coil to a point on a line 
perpendicular to the coil if we wish the 
maximum current in the coil at all positions. 

The radiation from a coil varies as the 
cosine of the angle measured from the plane 
of the coil. Thus a circle represents the 
value of the induction about a coil. 

The induction from a coil is JA/d* and 
the radiation from the same coil is 
Anr*ITA/d.  Equating the two values we 
get 1/d?=42?/d ord=d/27. Thusthetwo 

Ficure S. components are equal at a distance \/6.28, 
the same being true for an antenna aerial. 
Close to the coil or antenna aerial the field is primarily induction. 

For practical purposes when the distance is less than 1/20 of 
a wave length the radiation can be neglected, and when the dis- 
tance is greater than 4 wave length the induction can be neg- 
lected. 

The energy represented by induction does not leave the aerial. 
It is stored in the medium during the first fourth of a cycle and 
then returns to the aerial during the second fourth of the cycle 
in the same manner as the field of an ordinary transformer or 
choke coil. The induction is the field which stays at home. The 
energy of the field of the radiation does not return to the aerial 
but passes out to infinity unless it is absorbed by intervening ob- 
jects. The energy is radiated into space. 

Of course it is possible to absorb a part of the energy of induc- 
tion if the absorber is in the field of the induction, that is, near 
the aerial. This is the same as in a transformer part of the energy 
may be absorbed by the secondary coil in which case it cannot 
return to the primary. 
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It will be noted that radiation from a given aerial depends upon 
the frequency or wave length. Induction is independent of fre- 
quency. The virtual value of induction field for 60 cycle, 300 
meters or 41 meters is numerically the same as that produced by 
direct current. 


FicurE 6. Showing the Distribution of Radiation and Induction when the 
distance d=)/27. In the plane of the coil the radiation and induction are equal. 
Perpendicular to the coil the radiation is zero while the induction is twice the value 
in the coil’s plane. 


Fig. 6 shows the relative distribution of radiation and induc- 
tion when the distance is \/27. The circles show the radiation, 
and the ‘‘squeezed”’ elliptical figure shows the induction. The 
values are numerically equal in the plane of the coil. 

Fig. 7 shows the relative values of radiation and induction 
when the distance is \/2. In this case the small figure-eight 
figure shows the induction which can be neglected. 

Fig. 8 shows the distribution when the distance is \/20. In this 
case the radiation can be neglected. 

If the values are of the same order, then since they are in time 
quadrature the effective field is the square root of the sum of the 
squares. If the ratio of one to the other is one to two, then the 
received field is \/12+2?=2.24. If the smaller value is neglected 
the error is more than 10%. If the relative values are one to four, 
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then /12-+-42=4.13. The error is 3 per cent. If the ratio is one 
to ten, then \/12+10?=10.05. The error is $ per cent. When the 


FIGURE 7. - 


tation is’ “ones to 
seven the error is 
1 percent. Taking 
other errors into 
account, one can 
neglect the smaller 
without appreci- 
able error when 
the smaller is not 
greater than one- 
fifth of the larger. 

227. Electric and 
Magnetic Fields 
are Equal. We 
have spoken of 
the magnetic field 
only. Maxwell’s 
equations show 


that the energy of the magnetic field is exactly equal to the energy 


Ficure 8. Showing the Distribution of Induction about a coil according to the 


equation H =IA/d*\/1+3 cos? @ where 6 is measured from the normal to the coil. 
The dotted line shows the measured values. The two small circles at the center 


show the relative values of the radiation when d=)/20. 


of the electric field. Thus if we know the magnetic field we know 
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the electric field. The electric field and magnetic fields are always 
associated together. They are two aspects of the same thing. They 
really are the same thing in a certain sense. For an illustration 
take a simple D.C. circuit. The current through a coil is equal to 
the total E.M.F. divided by the total resistance. The current is 
also equal to the Pd. at the terminals of the coil divided by the 
resistance of the coil. These two values are equal. The current in 
the coil is not 27. In the electro-magnetic system of units the 
ratio between E and A is 3X10!°. Ein absolute units of potential 
per centimeter is equal to H in Gauss times v, (3 10!°). 


E=Hv=3X10H. 


If we divide by 10° we have E in volts per centimeter. Multiply 
this by 100 and we have £ in volts per meter. If we reduce this to 
micro-volts by multiplying by 10° we again have E=3X10!" H 
micro-volts per meter; thus H Xv is either absolute units of poten- 
tial per centimeter or micro-volts per meter. 

E is usually expressed in micro-volts per meter written u.V/M 


= 


uV 
E=3X10"H— - 
M 


228. Dellinger’s Equations. The E.M.F. induced in a coil by the 
magnetic field is e=AH2n/10 volts where A is the area of coil 
and is the frequency. 

The E.M.F. induced in a vertical antenna of height 4, is the 
number of lines cut per second, e=/vH abs, or e= Eh abs, or instead 
of absolute units the E.M.F. may be expressed in micro-volts, if 
h, heights, is expressed in meters instead of centimeters. 

The received current can be determined by dividing the E.M.F. 
in volts by the resistance of coil or antenna. 

From these fundamental equations Dellinger’s four equations 
for received current can be obtained. They are: 

From antenna to antenna 


I,=188h,h,I,/Rdd 
Antenna to coil 


T,=1184h,h,1,N,I,/Rd 
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Coil to antenna 


T,=1184h,).h,N 1./ Rd 


Coil to coil 


I, = 7450 hl shylp>N sNyI,/ RMA 


where / is the height, / is the length, NV is the number of turns of 
coil, 7 is current in amperes, R is resistance in ohms, » is wave 
length. The subscripts s and 7, refer to the sending and receiving 
stations respectively. The lengths may be in centimeters, meters, 
feet or miles, provided all lengths are measured in the same unit. 
These formulae are for radiation. Induction must be calculated 
from other formulae. 

229. Effective Height of an Antenna. The height, hf, is the ef- 
fective height of the antenna aerial. In the original equation, 
Ids cos 6/r?, we assumed that the value of cos @ was unity, and again 
we assumed that all the current flowed to the top of the aerial. 
Since we know the capacity at the top is distributed and not 
bunched, we know that the height will in general be less than the 
measured height. The effective height is the height of a theoretical 
aerial with all the capacity at the top and one in which all the 
alternating current flows from bottom to top and which will 
produce at a distant point the same field as the aerial in question. 
However, the distant point must not be too far removed, since 
there is always a certain amount of absorption by intervening 
objects which diminishes the intensity at a great distance. The 
“distant” point should be a few wave lengths removed from the 
aerial, one wave at least. With small power the distance may of 
necessity be a fraction of a wave and may be so close that the field 
is mostly induction field, in which case the exact distance as 
measured is at best an approximation. There seems to be some 
confusion in the definition of #. Some use / as the distance from 
the ground to the “top,’”’ others use h as twice this distance, 
arguing that the earth being a good conductor will reflect and 
give the same effect as an aerial in free space with the center of the 
aerial being the point of connection to the ground. Practically 
this confusion does not make much difference since the height, /, 
must be determined experimentally. 
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The height, 4, is determined by winding a coil or loop of rather 
large dimensions or diameter, and connecting a tuning condenser 
and a radio frequency milliammeter in the circuit and measuring 
the received current when the coil is placed at a distance, d, from 
the aerial. The area is calculated from the formula A =n7r? if 
circular, or nhl if rectangular, 2 being the number of turns, 7 the 
radius of the coil, /, /, being the dimension of the rectangle. The 
resistance can be measured by the resistance variation method if 
a radio frequency resistance box is available, or by the reactance 
variation method if the capacity of the condenser is known. 

From the received current when the coil is in resonance, and 
resistance of the circuit, the E.M.F. is calculated. From the 
K.M.F. and the area the field is calculated. From the field and the 
distance from the aerial and the current in the sending aerial, the 
height, /, is calculated, assuming the equation which gives the 
value of the field at the given distance. If the distance is less 
than 3 wave length it will be necessary to take the induction into 
account. 

If it is necessary to place the coil near the aerial to get enough re- 
ceived current to read accurately, there is a question when the dis- 
tance, d, is measured. The induction from an antenna varies 
inversely as d?. The center of “‘gravity” of the field is not at the 
center of the coil. Unless the distance, d, is rather great, there will 
be an error in placing the coil. If the radiating aerial is a coil, then 
the induction varies inversely as the cube of the distance and the 
error will be greater if the distance is measured from the center 
of the coils. If the distance, d, is great compared to the dimensions 
of the coil, the error will become negligible. Then the question 
arises, why not make the coil of small dimensions with a large num- 
ber of turns? 

We are trying to get as large value of the received current as 
possible. Since we are working with a particular frequency there 
is a maximum value of inductance which the coil can not exceed. 

The received current depends upon the area, A, m times the 
area of one turn, and inversely upon the resistance of the coil. 
A little practical experience with receiving coils will convince one 
that with a given inductance A/R is a maximum when the coil is 
made with a small number of turns and large diameter—one turn 
if practical to handle. 
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Assuming we have readings which are practically correct, then 
the height, /, of the transmitting aerial can be calculated. 

After knowing the effective height of the transmitter the field 
at other points can be calculated. A receiving antenna can be 
erected and the received current in the antenna measured as well 
as the resistance of the antenna. Knowing the current, resistance 
and field, the effective height of the receiver can be calculated 
from the formula H=//R=Hvh, h=1/ Rov, The height 7, can 
be assumed to be constant for frequencies which do not differ 
greatly from the frequency used in the above determination. If 
the determination is made at 300 meters the same value of /# can 
not be used at 40 meters. 

If the antenna is a directive aerial such as an J aerial, the field 
will be different in different directions. The current should be 
measured at several points distributed around the aerial and the 
mean value of / used. 

230. Effective height of a Coil. The effective height of a coil is 
the theoretical height of an antenna in which the received E.M.F. 
will be the same as that received in the coil. One in which the 
received current is the same assuming the resistance of the coil and 
antenna to be the same. One can get an idea of the effective 
height of coils from the following table: 


TABLE SHOWING CHANGE OF EFFECTIVE HEIGHT 
WITH WAVE LENGTH 


Effective W ave 
Turns Area Frequency Height Length 
8 88 x 88 Ose 10! 7.8 cm. 500 meters 
8 88 x 88 0) 13.0 300 
8 88 x 88 155 19.4 200 
2 56 56 10.0 13.0 30 
2 56 x 56 Ho) 9.9 40 
2 56 x 56 3.0 4.96 100 


In the above tables it will be seen that the height of a coil is 
very small. This is partly overcome by the fact that as a general 
thing it is much easier to get a coil of small resistance than it is to 
construct an antenna of low resistance. A coil is also usually more 
portable than an antenna. 
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231. Radiation from Low Frequency. The question is often asked, 
does a 60 cycle circuit radiate? The answer is, yes and no. The- 
oretically, yes; practically, no. It will be impractical to get any 
60 cycle current to flow in an antenna aerial. However, we can get 
current to flow through a coil. Assume we have a coil with 60 
cycle alternating current. First we will calculate the wave length. 
Divide the velocity of light by 60 and we have 5,000,000 meters, 
or 5000 kilometers, as the wave length. One hundred kilometers 
is about 60 miles, so our wave length is over 3000 miles. Since 
the radiation and inductance are equal at a point \/27 distant, 
the two values are the same at a distance of about 480 miles. 

The induction from a coil varies inversely as the cube of the 
distance. If J is the value of the induction field at a point 1 meter 
from the coil, the field at a 
distance \/2m7 is I/d?. This 
is also the value of the radia- 
tion at that point. Radiation 
varies inversely as the dis- 
tancen eel hes values Ofek. the 
radiation at the coil, is then 
(I/d3)d=I/d?. Thus the radi- 
ation is equal to the induction 
field divided by the square of 
480 miles, the 480 miles being 
expressed in meters. Thus it 
can be seen that the radiation 


from a coil carrying 60 cycle ; ; 

: : é Frcurer 9, A map showing the field dis- 
current is practically nothing. tribution about a broadcasting station. 
The answer to the question pyblished with authority from Radio 
is theoretically, yes, prac- Division, Department of Commerce. 
tically, no. 

232. Field Intensity Measurements. The intensity of the field is 
usually given in micro-volts per meter. The intensity of the field 
from a broadcasting station in order to be free from violent static 
and tube noises must be about 10000u V/m. When the conditions 
are very favorable fair reception can be had when the intensity is 
as low as lu V/m. 

The field intensity becomes a very important factor to the owners 
of a broadcasting station. The field has been found to vary in a 
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rather erratic manner, depending upon local conditions. Figure 9 
is a map showing the distribution of intensity about a broadcasting 
station. 

The apparatus used for measurement is essentially a superhetero- 
dyne in which the last tube is a tube voltmeter. Figure 10 is a 
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FIGURE 10. 


OSCILLATOR Ht 
Ur 2 VERTED DETECTOR OR 
foes au ae INTERMEDIATE FREQUENCY TUBE _VOLTOETER 


diagram. The apparatus is calibrated by subjecting the first tube 
to a potential at the frequency of the measured station until the 
readings are duplicated. 

A proposed way of doing this is to excite the receiver with the 
field from asmall 
coil at a known 


x distance from the 
receiver. From 


Lo the current in 


oP 
ANTUUNS the coil and the 
ll ae distance and the 
SET 


area of the coil 
the field can be 

FicureE 11. Receiving set and loop antenna. Nema 
Hand-Book. 


calculated. This 
however must be 
done with care 
since reflections 
and other dis- 


turbances may 
render the readings worthless. 


The formula for the field is E=18,850 nr?J/x?, where n, is the 
number of turns in the coil, 7, is the radius of the coil in centimeters 


THe FUNDAMENTALS OF RapIOo 183 


I is the current in micro-amperes, «is the distance from the center 
to center of coils. The two coils are supposed to be placed parallel 
to each other and on a line which is parallel to the axis of both 
coils. Figure 11 gives a general diagram of the connections. 
If the coils are set with the plane of the coils in the same plane 
there will be radiation to contend with. See Proc. I. R. E. 16, 
1118, 1928 or “Experimental Radio.” 

The cross points in Figure 8 give the experimental results of a 
set of measurements of induction close toa coil. The wave length 
was 700 meters. 


CHAPTER XVIII 
AERIALS 


233. Introduction. An aerial is the device in which the oscillating 
current flows when the current transmits a disturbance to the ether. 
There are two types of aerials—antennas and coils. In Chapter 
XVII, Radiation and Induction, the theory of the fields about aeri- 
als is given. It remains to speak of the various types as to outward 
form and the characteristics of these various forms. As a usual 
thing an antenna is a better radiator than a coil. The coil usually 
has a lower resistance than an antenna and thus overcomes some 
of this handicap. 

The antenna is sometimes called a condenser aerial, while a 
coil is called an inductance aerial. However, this difference is more 
apparent than real. 

It is apparent that an antenna, especially the inverted L type, 
is very much like a condenser, the flat top and the ground being 
the two plates. Thus this is nothing but a condenser if we forget 
the fact that the down lead has inductance. The coil or loop is 
an inductance of relatively large diameter and the condenser 
occupies small space, but since the electromagnetic wave or the 
radiation is the same sort of phenomena from both, there is no 
real reason for the distinction. At a distance a person receiving 
cannot tell whether the transmitting aerial is a coil or an antenna. 
It will be seen that whether we have an antenna or loop aerial 
both are particular cases of our wave meter circuit. 

The best aerial, perhaps, is a long vertical wire. The trouble is 
to find a structure high enough to support it. To avoid high 
supports, various devices are used to increase the capacity of the 
aerial and thus increase the wave length. In Figure 1 the T aerial, 
inverted L aerial, the umbrella aerial, fan aerial, etc., are all 
devices to increase the capacity at the top and thus increase the 
natural wave length of the aerial and keep the physical dimensions 
down to reasonable values. As a usual thing, an aerial is most 
efficient for waves which are near the natural wave length of the 
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aerial. An aerial which requires large tuning or loading coils is 
not so efficient. 

234. Selective Radiation. <A straight vertical aerial radiates 
equally in all directions. An inverted L aerial radiates best in the 


T Antenna Inverted L V Antenna, 


Cage 


IV 


FIGURE 1. 


direction opposite to that which the L points. Figure 2 isa diagram 
showing the directive effect of an inverted L aerial. A coil aerial 
radiates most in the plane of the coil and 

none in a direction at right angles to the 

plane of the coil. Figure 6, Chapter XVII. — 

Thus coils are used as direction finders. 

In commercial work where a transmitter 

is used to work a special station, the 

aerials can be arranged so that a large 

percent of the energy goes in the special <S 

direction. Of course, for broadcast trans- Ficure 2. 
mitters and receivers it is expected to 

receive and transmit to stations in all directions. Vertical aerials 
are theoretically suited to broadcast stations. However, most 
broadcast stations use inverted L or T aerials, the selectivity or 
directional effect being very small. 

235. Hertzian Antenna. The Hertzian antenna, originally used 
by Hertz in his early experiments, and which has come to some 
extent into practical use since short wave transmission has been 
developed, consists, in its simplest condition, of a copper or brass 
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rod one-half wave long. In practice it usually consists of two rods 
which have a coil of a turn or two connected between them. 

The length of these rods is such that they radiate a wave whose 
length is about twice the combined length of the rods. The analogy 
of this aerial to a piano wire is very complete. Ina stretched wire 
we can have waves set up which run to the end and are reflected. 
These two sets of waves, the primary and reflected, form what are 
called stationary 


le waves. The fre- 
if E quency of these 
, waves or vibrations 
\I depends on the 

} length of the wire. 


In the fundamental 
VeaWaveor Full Wave or % Wave System Vibration the fre- 


Fundament 2nd Harmonic 3rel Harmonic quency of the vi- 


bration is such as 
to make the wire 
one-half wave long. We have a node at each end and a loop or point 
of great disturbance, antinode, at the middle of the wire. In the 
Hertzian antenna the frequency is adjusted to the length, or the 
length is adjusted to the frequency so the ends are current nodes 
and the middle is a current loop, or a point where the current is 
the greatest. Figure 3a, dotted line, shows diagrammatically the 
distribution of current in a Hertzian rod when vibrating at funda- 
mental frequency. Figure 3b shows the distribution of potential 
and current along the rod in the case of the first overtone. The 
current runs toward the ends and stops or is reflected, and, consid- 
ering the end a condenser, the potential rises. When the upper 
end has the greatest positive value the lower end has the greatest 
negative value. The fields about the rod for 3rd harmonic are rep- 
resented in Figure 3c. 

Since the two ends are at different potentials we can think of 
the ends as being the two plates of a condenser and the middle 
portion through which the current is the greatest as being the 
inductance; thus we have our wave meter circuit to which we can 
apply our equation for wave length, \=1884./LC. 

The Hertzian antenna has no ground connections, and for theo- 
retical considerations can be thought of as being in free space. 


FIGURE 3. 
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236. Marcont Type Antenna. Marconi conceived the idea of 
connecting the antenna to the ground. This makes use of the con- 
ductivity of the ground and for practical purposes the radiation 
is increased. This is supposed to be due to the ground current. 
If an electric wave is a vertical field and if the lines start from 
positive charges and end on negative charges, there must be 
charges flowing along the surface of the earth since the vertical 
electric field moves along the earth. These moving charges con- 
stitute the ground currents. The simplest Marconi type antenna is 
a straight vertical wire connected to the ground. Then from a 
theoretical consideration the length of the wire is one-fourth of a 
wave length. From the table following it is seen that taking the 
length over all, flat top and down lead, the fundamental wave 
length is from three to something over four times the length. 


TABLE OF NATURAL WAVE LENGTHS 


Length of | Height of Total No! of Natural Capacity 
Type Flat Top Flat Top length ei ae Wave- Mids. 
Feet Feet Feet length 
L 208 96 304 6 374 .00128 
ae 250 150 400 4 4206 .00096 
T 151 110 201 6 290, 0009 
L 170 85 255 4 380 00082 


The rule that has been given at times for the natural wave 
length is that the wave length in meters is equal to the total 
length in feet. 

237. Adjustment of Wave Length. The wave length of an aerial 
is increased to greater values than that of the natural wave length 
by placing an inductance or loading coil in the aerial near the 
ground connection. This increases the total inductance and the 
wave length is increased. It is not practical to try to increase the 
wave length of an aerial more than four times the natural wave 
length. 

The wave length is decreased below the natural wave length 
by placing a series condenser in series with the aerial near the 
ground. Since the aerial can be thought of as a condenser, the 
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condenser in series decreases the capacity of the circuit and thus 
decreases the wave length. 

238. Harmonic Transmission. Since the aerial can be likened 
to a piano string or to an organ pipe, it is possible to have the 
aerial resonating to harmonics or vibrating in segments. Thus it is 
possible to use a long aerial and to tune the transmitter to such a 
frequency that the aerial will respond to a harmonic of its funda- 


mental wave length. This 
Owe te meee 
/ 
i 
Ty 
| 


short waves are used. Figure 
4 shows the mode of vibration 
of a simple aerial of the 
Marconi type. 

239. Cage Aerial. In high 
power transmission the po- 
tential on the aerial becomes 

4 Wave or 9/4 Wave or very great and at times there 
Fundamental 3rd Harmonic are brush or corona dis- 

FIGURE 4, charges from the aerial at 
the ends, at the points of high 
potential. This corona discharge is a waste of energy and the 
resistance of the aerial is increased. The corona discharge can be 
diminished by increasing the diameter of the wire. This increases 
the weight and wind pressure on the aerial. The corona discharge 
can be diminished by building the aerial into a cylindrical shell by 
placing several wires, six to twelve, or more, at regular intervals 
around circular forms so as to form a hollow cylinder or cage. 
This also diminishes the “skin effect’? of the conductor and de- 
creases the resistance. Sometimes the down leads or wires are 
built into the form of a cage. The objection to this is that the 
capacity of the down leads is increased, making the average 
height of the capacity low. 

Cage aerials may be inverted L or T type, in general form. 
Figure 1, 1V, shows a vertical cage aerial. 

240, Multiple Tuned Antenna. The multiple tuned antenna as 
used by the Radio Corporation of America, is an antenna in which 
instead of one tuning or loading coil, several—six—are used. This 
antenna depends upon the principle of parallel resonance. Figure 5 
shows the principle. 


is often done where very 
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In Figure 4; Chapter IV, on Alternating Current, we have a 
generator and a condenser and inductance in parallel. It is shown 


a 
= a Single Tuned Antenna 
b Single Tuned Equivalent 


= ‘4 


a Circuit 
¢ Multiple Tuned Equivalent 
Circuit 
d Diagramatic Antenna 
b e Actual Antenna 
600 Amp. 
tA 0 1.5 1.0 0.5 


FIGURE 5. 


there that a small current in the main circuit causes a large current 
in the parallel circuit. 
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In Figure 5 we have the equivalent circuit of the multiple tuned 
antenna in which we have the generator in a circuit with Zi and Ci. 
This circuit is in series with five other multiple circuits which 
are in multiple. The ‘‘series’’ current from the circuit LCi is 2.5 
amperes. This is distributed to the five parallel circuits which take 
.5 ampere each. This, by the principle of parallel resonance is 
transformed into 100 amperes in each circuit. The generator 
furnishes the energy, equivalent to 600 amperes, to an inverted 
L antenna as shown in Figure 5a. The equivalent simple wave me- 
ter circuit is shown in Figure 5b. 

Figure 5d shows the same equivalent circuit as Figure 5c except 
the condensers are shown as being T aerials connected to the 
ground through the inductances. 

Figure 5e is a diagram of the multiple tuned aerial. In this the 
tops of all the T aerials and the series feed wires are all connected 
together and become the flat top of the aerial. 

One great advantage of this aerial is that it is connected to the 
ground at six points in parallel and the resistance is decreased very 
much—from 3.7 ohms to about .5 ohms in the case of the New 
Brunswick, N.J., station. 

The multiple tuned aerials at “Radio Central,” Long Island, con- 
sist of twelve wires spread on cross arms 150 feet long. These 
cross arms are supported on towers 400 feet high, the length being 
about one mile and a half. 

Figure 6 is a picture of a multiple tuned aerial of ‘‘Radio 
Central,’’ Rocky Point, Long Island. 

241. Beverage Wire. The Beverage wire, is a long antenna or 
wire stretched in the direction from which the waves come. As 
the wave moves along, the current in the wire builds up,and should 
increase with the length of the wire if the velocity of the wave in the 
ether and wire are the same. Since the wave in the wire lags be- 
hind the ether wave, the two waves will eventually be out of phase, 
making an increase of length a detriment instead of a help. In 
practice the wire is only a few waves long. The intensity of the 
signal in the wire increases as the length, and the signal is greatest 
at the far end from the sending station. In the simple cases the 
receiver is placed at the far end. Signals coming from the opposite 
direction will build up to a maximum intensity at the end op- 
posite the receiver and will be reflected back to the receiver 


THe FUNDAMENTALS OF RaApIo 191 


unless they are absorbed. A resistance is placed at the far end 
to absorb the signal. 


Ficure 6. The twelve 400-foot trans-Atlantic towers of the Radio Corporation’s 
Station at Rocky Point, Long Island, N. Y. 


In the simple Beverage wire as used by Godley in 1921 at 
Androssen, Scotland, while receiving during the Trans-Atlantic 
test of The American Radio Relay League, the wire was 400 
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meters long, two wave lengths, and stretched out toward the sea 


in a westerly direction toward America. The receiver was placed 

at the land end of the wire and a resistance of about 400 ohms 

was placed between the wire and the ground. In this manner sig- 

nals coming from America 

fd tae built up and were re- 

cA received in the receiver 

Receiving | while signals and static 

: | Set coming from other direc- 

tions either did not build 

= — up or built up and were 

Ficure 7. absorbed by the resis- 

tance, at the® sea vende 

This not only makes a directive antenna but it makes one in which 

a large percent of the static is cut out. Figure 7 shows the simple 
Beverage wire. 

242. Wave Antenna. Figure 8 is a diagram of the wave antenna 

used at Riverhead, Long Island, by the Radio Corporation of 

America for receiving from European stations. This consists of 


Static . Signal 
_— <<< —_ 


9 Miles Long Receiver 


FIGURE 8. 


two wires nine miles long, mounted on telegraph poles. These 
wires serve as antennae and also as transmission lines. The signals 
coming from the east build up and pass through a special trans- 
former, and to the ground at the western end. The secondary of 
this transformer is connected from the middle of the primary to 
the ground. The signals from the two wires pass through the two 
halves of the primary in opposite directions and thus annul any 
effect on the secondary. From the primary the signals pass through 
the secondary to the ground, and in doing so the signal is induced 
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in the primary and communicated to the wires in series. These 
wires serve then as a transmission line to the receiver at the east 
end. The receiver is connected to the secondary of another trans- 
former to the primary of which the wires are connected. Thus the 
“transmission wire” signals affect the receiver. Signals coming 
from the west build up and pass through the primary of this trans- 
former in opposite directions to a mid tap in the coil and then to 
the ground through an absorbing resistance. This signal is not 
heard on the receiver, since the two sides balance each other. 
Thus the receiving apparatus and the absorbing resistance, which 
must be adjusted from time to time, are at the same end of the line. 
This antenna cuts out all American stations, including the powerful 
stations at ‘Radio Central,” which are sixteen miles away, and 
eliminates about 90% of the static. In the diagram, Figure 8 
the useful signal from the east is represented by arrows made with 
full lines, while the absorbed signals and static are represented by 
arrows made of broken lines. The 
full line arrows represent the 
signal on the transmission line 
and in the transformers. 

243. Antenna Resistance. The 
resistance of an antenna consists 
of three factors. The resistance of 
the wire and ground connections, 
the dielectric resistance of the 
insulators and objects in the 
neighborhood, and the radiation Wave Length 
resistance. This last, radiation 
resistance, is a measure of the 
useful energy. 

These three resistances are represented in the diagram. Figure 9. 
The line which is almost horizontal represents the ground, wire, 
and loading coil, resistance which is nearly constant, diminishing 
slightly with wave length. 

The dielectric resistance is due to dielectric losses in the in- 
sulators, building and other objects in the neighborhood. It 
diminishes as the frequency and is represented by the line which 
passes through zero and makes an angle with the X axis. The 
Radiation resistance increases with frequency and is represented 


Resistance 


Ground & Wire 


Effective 


Radiation 


FIGuRE 9. 
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by the curved line. The summation of these three shows that there 
is a point of minimum resistance. Thus with every aerial there is 
a wave length at which the resistance is a minimum. 

244. Ground Resistance. Ground resistance is the resistance 
which is introduced in the antenna circuit at the connection to the 
earth. Ground resistance depends upon the kind of soil at the point 
where the connection is made. The resistance of damp salty marsh 
land is relatively low, while the resistance of dry sandy soil is high. 

In order to reduce the ground resistance it is customary to 
bury wires and metallic plates in the ground under the aerial. 
Often these wires are buried in systematic order, the wires radiating 
from the point where the aerial is connected. With modern receiv- 
ing apparatus, small ground resistance is not of so great importance 
as it was in the days of the crystal detector. Amplification is often 
cheaper and easier to procure than a low resistance ground. 

The following theoretical consideration shows that the resistance 
is nearly all in the immediate neighborhood of the point of 
connection and that distance from point to point has little effect. 

If a good conducting sphere such as copper 
sphere, is placed at the center of a hollow copper 
sphere and is surrounded with a poor conductor 
such as earth, the spheres, together with an in- 
sulated copper connecting wire, may be considered 
as perfect conductors and then all the resistance is 

Ficure 10. due to the earth. Figure 10. 
Let S be a conducting sphere of radius Rj. 
About the center of S, draw two spheres of radius r andr+dr. The 
resistance of the spherical shell will be 


length pdr 
dr -— 4 p —— 
Areas of cross section 47r? 


rat [ p ‘| -| (- -) 
4n Jp, 9? 4nr p, res Ar \R, Rs 
If Rz, the radius of the hollow sphere, is very great= then 
R=(p/47)(1/Ri). All the resistance is near the small sphere 
and if the conducting copper sphere at the center is increased 


to twice the radius the resistance of the “ground” is reduced 
one-half. 
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The same ratio will hold if the copper sphere is half buried on the 
surface of the earth, and it will be seen that in making good grounds 
a large amount of metallic surface must be exposed to the soil. 

In making temporary ‘‘grounds” metallic stakes are driven 
into the ground. If two metal stakes or pins are driven into the 
ground some distance apart, ten 
feet, say, and these two stakes <——/50 $££ 7 ———> 
are connected into the unknown 
arm of a Wheatstone bridge, the 
resistance will be in the order of a 
hundred ohms or more. If at each Ficure 11. 
point another stake is driven and 
connected to the first, and a second measurement is taken, the 
resistance will be about one-half that with the single stake. If 
more are driven the resistance will be still less. If the stakes are 
driven to twice the depth, the resistance will be still further 
reduced. If the points are placed one hundred feet apart the 
measurements will be practically the same, showing that the extra 
ninety feet introduces no appreciable resistance. This is assuming 
that the spaces between the stakes in a group are small compared 
to ten feet: 

If one considers the path of the current radiating from one station 
and entering the second station, it will be seen that the cross 
section of the conductor is practically infinite compared to the 
lengths and the added resistance is near zero. 

Thus the resistance depends upon the surface of the connection 
of the metal, or on the radius of the sphere to which the stakes or 
metallic connections approximate. (For details of measurement 
see ‘‘Experimental Radio.”’) 

245. Counter Poise. The construction of a low resistance ground 
is rather troublesome. If one stretches a second set of wires made 
up like the flat top of the aerial under the aerial and makes con- 
nections to this instead of to the ground, the measured resistance 
will be rather low. The counter poise should be placed about fifteen 
feet above the ground. Instead of placing the counter poise 
parallel under the aerial, if the wires are run radially from the 
point under the down lead, the effective resistance is much 


lowered. 
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246. Natural Wave Length of an Antenna. Distributed Capacity 
and Inductance. The natural wave length of an aerial should be 
given by the formula for the wave meter circuit, \=1884V/LC, 
provided all the capacity and all the inductance were located at 
one point. But 
since the capacity 
and inductance are 
distributed as shown 
diagrammatically 
in Figure 12. The 
formula, A=1884 
V(L+L/3)C) gives 

a better value. 
Uji YH IEY"“=_ LOU) Yew, «© \Nnere L is the in- 
ductance of the load- 
Ing coil): asethe 
inductance of the aerial, assuming the current is the same at all 
points, and Co is the capacity of the aerial as measured by a 
capacity bridge using low frequency A.C. 

Since all the current does not flow through all the inductance, 
an average value for the effect must be used. 

The capacity and inductance of the antenna can be measured 
using wave meter methods. (‘‘Experimental Radio,” pp. 55-56.) 

247. Coil Aerial. A coil aerial as shown by the formula for radia- 
tion in Chapter XVII, is a poor radiator, since the radiation 
varies inversely as the wave length cubed. This is made up to 
some extent by the fact that it is rather easy to construct a coil or 
loop with low resistance. 

Coils are not used to any extent as transmitting aerials except 
for short waves, when transmitting short distances. A coil as 
usually built consists of a few turns of wire spaced rather far apart. 
Thus the distributed capacity of the coil is rather low. The wave 
length of the coil can be calculated fairly accurately by the 
usual formula, \=1884./LC. 

Coil aerials can be used on superheterodyne receivers, since the 
amplification of this type of receiver is very high. However, the 
signal comes in much louder if an antenna aerial is connected 
to the set thus showing the fact that the antenna aerial is much 
more efficient. 


Ficure 12. 
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248." Direction Finders. The field from a coil is in the plane of 
the coil, the radiation perpendicular to the plane of the coil being 
zero. ‘Thus coils are used as direction finders. The coil is rotated 
to the position of zero signal and then the signal or wave strikes 
the coil perpendicular to the plane of the coil. There are thus two 
directions, east or west, say, from which the signal may come. 
A second reading taken at a point some distance from this position 
and at right angles to the direction will give the location. The exact 
location can be found by the method of triangulation. Reflections 
from near objects will make the readings taken at some places 
of no value, especially with short waves. Trees, buildings and hills 
have their reflecting or reradiating effects. It is practically im- 
possible to locate an arcing, radiating transformer or other 
electrical device by this method, since all the wires connected to 
this apparatus act as antennae. 

The direction from which a signal comes can be determined by 
placing a vertical antenna on one side of the coil. The antenna 
and the coil may add their effects and make the signal strong. 
If the coil is turned around the polarity of the signal is reversed 
in the coil. The polarity of this signal from the antenna will be 
in the same direction as at first. Thus the signal will be weaker. 
From this effect the operator knows whether the signal came from 
east or west. 

249. Selection of an Aerial. Several things enter into the selec- 
tion of the type of aerial to use in any case. One of the things which 
have a great deal to do with the case is space. This is especially 
true on ship board. On small ships the distance between masts is 
short and an inverted L type gives the longest natural wave length 
for the space, so the inverted L antenna is generally used. In many 
of the land stations the inverted L is used. Probably after the 
inverted L, the T type is the most common except in short wave 
work where the Hertzian type is often used. 

250. Receiving Aerials. In many of the commercial and ship 
stations the same aerial is used both for receiving and transmitting. 
A change-over switch is used to change the connections from the 
transmitter to the receiver. 

In the larger stations, such as trans-Atlantic stations, a separate 
aerial is used. This is usually located some miles from the trans- 
mitter. These stations transmit and receive from definite foreign 
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stations and by this means two-way transmission is carried on at 
the same time. 

The actual receiving and transmission, keying, is done many 
miles from either transmitter or receiver. All receiving and 
transmission of the trans-Atlantic stations on the Atlantic coast 
of the United States is done from the same building in New York 
City. Ordinary telegraph lines carry the messages to and from 
the stations proper and New York. 

In the modern receivers which use several stages of amplification 
the selection of a receiving aerial is not such a problem as it was 
some years ago. In the days of the crystal detector, all the energy 
used came from the transmitting station and an efficient aerial, 
one with low resistance and one which had a good location was of 
great importance. 

251. Broadcast Receiving Aerial. As a usual thing the length and 
height of a receiving aerial depends upon the convenience or ease 
of finding suitable supports of the aerial. The aerial is usually a 
single wire strung from trees or buildings. The usual dimensions 
recommended are, a wire about 100 feet long placed 30 to 40 feet 
high. It is claimed that a greater height will increase the intensity 
of signal but increases the intensity of static at the same time, 
the height for the best ratio between signal and static being 30 to 
40 feet. Loud signals are of no importance if the static is louder 

252. Aerial Wire. For receiving aerials the kind of wire is of 
little importance. Most of the resistance is usually in the ground 
connection, and a few ohms more or less in the wire makes little 
difference. Solid copper wire with the joints well soldered is all 
that is needed. Stranded wire is more flexible and is usually easier 
to string up. 


CLA PTR: ScLX 


RADIO FREQUENCY INSTRUMENTS 
AND APPARATUS 


253. Radio Frequency Apparatus Compared with Direct Current 
Apparatus. For direct current measurement we have as the funda- 
mental instrument the galvanometer. As special cases of the 
galvanometer we have the ammeter and the voltmeter. The 
ammeter is a special galvanometer whose resistance is near zero, 
usually assumed to be zero, and so adjusted and calibrated that 
one division on the scale represents one unit of current. 

The voltmeter is a high resistance galvanometer which takes 
little current, usually assumed to be zero current, and so adjusted 
that one unit of potential gives a deflection of one division on the 
scale. 

In using ammeters and voltmeters we usually make the above 
assumptions, but if these assumptions are not comphed with our 
readings are not true. 

The fundamental current measuring instrument for radio fre- 
quency current is the hot wire galvanometer or ammeter. It is 
convenient if we can make the same assumptions about these 
radio frequency current instruments which we usually make about 
D.C. instruments. The hot wire instrument depends on the heating 
effect of the current in a wire. The heating is proportional to /?R. 
The wire must have resistance, and this resistance is usually 
large compared to that ina D.C. ammeter, so as a usual thing we 
must be more careful about assuming the resistance of the ammeter 
to be zero. In most R.C. circuits we cannot assume that the 
current with the ammeter in the circuit is the same as that with 
the ammeter out of the circuit. 

In R.C. circuits inductance plays a very large part. Even a 
straight wire has inductance and for very high frequency this 
is enough to affect the circuit. In general, a circuit will need 
retuning after an ammeter has been inserted. Again, the resistance 
of the ammeter must be constant. The heating effect depends 
on the /?R effect, thus the resistance, R, must be constant for 
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all frequencies if the instrument is to read correctly for all fre- 
quencies. In order to have a resistance which is independent of 
frequency, we must have a wire of very small diameter, Chapter 
XX. 

The fundamental definition of one ampere R.C. is that radio 
frequency current which produces the same heating effect in a 
wire as one ampere D.C. 
Thus the ammeter must 
be calibrated with direct 
current and when we get 
the same deflection with 
R.C. as that produced by 
1 ampere D.C., we call 
the value of the current 
lvamipere © 

Ficure 1. A radio ammeter is 

made ofa thin wire placed 

so as to be nearly straight with some kind of a mechanism to 

indicate the expansion of the wire. Figure 1 gives a diagram of the 

mechanism. The wire is kept stretched by a spiral spring, which 

is attached to small glass beads through which the wire passes. 

Attached to the same bead is a fine thread or hair which in the 

simplest case is wound around the spindle to which a hand is 
attached. This hair is kept tight by the small spring. 

This instrument may be calibrated to read directly, in amperes 
or milliamperes. 

254. Current Squared Instruments. he instrument may have 
a scale of equal divisions. This then reads proportional to the 
heating effect and is said to be a current squared instrument. 
These current squared instruments are called radio frequency 
galvanometers or wattmeters. The name wattmeter has largely 
gone out of use since the reading is proportional to the energy and 
can not be calibrated to read watts. J?R is watts, so the energy 
depends upon the value of R, the resistance of the circuit. The 
instrument might be calibrated to read watts in one particular 
circuit, but not for all circuits. 

255. Thermo-couple Instruments. A thermo-couple instrument 
consists of a wire through which the current passes, and a thermo- 
couple to measure the temperature of the wire. Figure 2 is a simple 
diagram illustrating the principle. 


ZERO ADJUST- 


ae 
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The radio frequency current flows through the wire and a 
junction of two metals, copper and constantin, placed near or in 
contact with the wire. The wire is heated by the current which 
heats the junction and a D.C. galvanometer measures the E.M.F. 
of the junction. The deflections are proportional to the square of 


ORR 
CRRGU PT, 
TO INDICATING 
METER 
PORL 
CIRCUIT 
FIGURE 2. FIGURE 3, 


the current. The same precautions must be taken to keep the re- 
sistance constant and the inductance low, as in the hot wire instru- 
ments. 

The junction is usually in contact with or welded to the heater 
wire, and often the junction circuit through the galvanometer 
acts as a shunt around a small por- 
tion of the wire. With direct current 
through the heater the D.C. gal- 
vanometer deflection may be largely 
due to this shunted current. If D.C. 
current is passed through the heater 
and then reversed the two deflec- 
tions are not the same. Unless the 
direct and reversed deflections are 
the same, 60 cycle alternating cur- 
rent must be used to calibrate the 
instrument. The 60 cycle current Ficure 4 
through the D.C. galvanometer will 
give no deflection. In some instruments two dissimilar wires are 
crossed and welded together, as in Figure 3. In this case the 
two terminals are connected to the high frequency while the other 
two terminals are connected to the galvanometer. It will be 
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evident that the scale on the galvanometer can be so drawn as to 
read milliamperes or amperes directly. Figure 4 is a Jewel ammeter. 

256. Large Ammeters. An ammeter to carry large current cannot 
be made with a heater consisting of a single small wire. One type 
of meter is one in 
which a number of 
small wires are sol- 
dered to the circum- 
ference of two heavy 
discs forming a cylin- 
der or cage. Thus the 
current capacity 1s in- 
creased by the num- 
ber of wires. Unless 
the wires are very 
small the resistance of 
one wire will be changed 
by the presence of the 
others. The junction 
is placed in contact with one of these wires. Figure 5 shows the 
principle. The meter is calibrated with 60 cycle current. Another 
type is the transformer type, Figure 6. Since this has a turn of 
wire, it can not be used at very high frequency. 

257. Meters for Small 
Current. Self-contained 
ammeters and milliam- 
meter instruments in 
which the D.C. instru- 
ment and heater are all 
in the same case, are 
usually not made to read 
maximum current of less 
than 100 milliamperes. 
20 milliamperes is about 
the smallest current that FIGURE 6. 
can be read with any 
accuracy. For smaller current special thermo-junctions incased in 
glass and evacuated, are used. These junctions are used with 
sensitive galvanometers or microammeters. They must be 
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calibrated for each galvanometer or micro ammeter used. It is 
possible to get a junction which will measure one milliampere with 
considerable accuracy but the resistance of the heater of the 
junction will be rather large—100 to 1000 ohms. Thus, it will 
be seen that, the resistance of the meter must be considered. 
Where the junction is used to measure the A.C. component of 
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FIGURE 7. 


the current in the plate circuit of a tube, this resistance will 
not be so important. Junctions whose heaters have one or 
two ohms resistance can be obtained which will measure current 
of ten milliamperes with considerable accuracy when a sensi- 
tive galvanometer is used. Figure 7 shows a Western Electric 
junction. 
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258. Radio Frequency Voltmeters. Since a voltmeter must take 
little current, radio frequency voltmeters are hard to construct. 
Where the current in the circuit is large a voltmeter can be made 
of a junction, or a milliammeter and a high resistance. This 
resistance must be a radio frequency resistance in order that the 
value can be known with certainty. If the resistance is known and 
the current is known by the meter deflection, the potential at the 
terminals can be calculated. If the resistance is adjustable the 
proper resistance can be calculated and inserted to make the 
instrument read volts direct. If the instrument reads directly in 
milliamperes, a total of 1000 ohms makes one milliampere corre- 
spond to one volt. Then the reading in milliamperes can be called 
volts. 

In many circuits the current taken by the meter will be large 
enough to change the circuit, rendering the readings meaningless. 
If such a meter is placed around a condenser in order to measure 
the potential across the condenser, the power used by the voltmeter 
changes the circuit until the readings are worthless. 

On account of the trouble with volt- 
meters, most measurements were for- 
merly made without recourse to a 
voltmeter. Power is usually calculated 
in terms of /?R, where R is the resis- 
tance of the circuit. This resistance is 
measured by the resistance variation 
method or the other methods. Thus 
the energy radiated is calculated in 
terms of radiation resistance. Figure 8 
is a Weston radio frequency milli- 
ammeter. 

259. Vacuum Tube Voltmeters. There 
have been several types of vacuum tube voltmeters proposed. The 
various types usually depend upon the rectifying or detecting pro- 
perties of the vacuum tube. As a usual thing the currents in the 
circuits to be measured are so small and the adjustment of the cir- 
cuits to resonance is so critical that an ordinary type voltmeter, 
milli- or micro-ammeter, with resistance in series can not be used. 

In using a vacuum tube voltmeter certain assumptions are made 
therefore the voltmeter gives erroneous results unless these as- 
sumptions are fulfilled. | 


FIGURE 8 
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The above is true with D.C. voltmeters. When using a D.C. 
voltmeter we usually assume that the voltmeter takes little or no 
current and that the potential at the terminals of the voltmeter is 
the E.M.F. measured. A simple case will illustrate. Suppose we 
have a cell—old dry cell. If we 
measure the E.M.F. by means of a 
potentiometer and a standard cell 
we get a value near the standard 
value. If we use a good voltmeter 
we may get a result which is a frac- 
tion of the former value. The reason 
for this is that the battery has con- 
siderable resistance and one of the 
fundamental assumptions made when using a voltmeter is that 
the resistance of the voltmeter is so great that the battery resis- 

tance can be neglected. 


Seay One of the assumptions made 
% when using a vacuum tube volt- 
5 meter is that the voltmeter does 
$ not load the circuit or change the 
constants of the circuit. The load 


ais relative term and a load 
which can be neglected in one 
Ficure 10. case is prohibitive in another 
case. In certain cases the capa- 
city of the tube will have an effect. Care must be exercised in the 
use of the vacuum tube voltmeter. It will be impossible to point 
out all the pitfalls, but one 
must be on his guard. 

209. Slide Back or Peak 
Voltmeter. This instrument e 
or method of using the tube 2 volts ma. 
is one in which the maxi- | 
mum voltage of an alter- 
nating or radio potential is 
matched or made equal to 
a D.C. potential and the 
D.C. potential is measured 
with an ordinary voltmeter. Ficure 11. 


hf 
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Figure 9 is a diagram of the connections. A battery, C is placed 
in the grid circuit. With the terminals connected, the slide is 
adjusted to Vp so that the current in the plate is zero. Then the 
terminals are connected to the points to be measured and the slide 
again adjusted for zero plate current. The difference of the two 
values of V gives 
the maximum vol- 
tage or amplitude 
200 008 ohn of the voltage. This 
divided by 1.41 is 
the virtual voltage 
of the circuit, as- 
suming the poten- 
tial is that of a sine 
wave voltage. If 
Ficure 12. the wave form is 

irregular, all we 


know is the maximum value of the potential. 

261. Leaky Grid Voltmeter. The voltmeter diagrammed in - 
Figure 10 is very simple to construct and is perhaps the most 
satisfactory for ordinary meas- 


urements. The following five y | z 
rules or precautions are given. Low Voltage Calibration 
These must be applied in any HS Nf Leahy Grid Voltmeter — 
J.B. HERSHMAN 
case. ++} 
(1) The impressed voltage om sa jes 2 
must cause no appreciable cipEee hotels | 


grid current. 

(2) The filament terminal 
of the voltmeter must be 
grounded. igual fee 

(3) The elective capacity 
and resistance must be known. | 
(Especially necessary in meas- | 
urement of small capacities.) 70 60 90 

(4) The grid must not be 
isolated through high resis- 
tance. (Does not apply to 
leaky grid voltmeter.) 


RMS. Yolts 


Milliameter Readings 


Ficure 13. 
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(5) Inductive effects must be avoided by shielding and through 
the use of short leads. 

The leaky grid voltmeter avoids excessive grid current through 
the use of a grid condenser and grid leak resistance. 

The calibration curve of the leaky grid type is a reverse curve— 
the higher the potential the smaller the plate current. The voltage 
limit is reached when 
the plate current be- 
comes zero. The vol- 
tage limit of this type 
using a 201A tube is “ox 
about two volts. ec 

262. Straight Detec- 
tor Type. This type is 
diagrammed in Figure 
11 and can be seen to Fricure 14. 
be simply a tube con- 
nected for detection-plate current rectification. Figure 12 is a com- 
bination of Figures 10 and 11. When using the high potential 
terminal, care must be taken to see that all conditions are com- 
plied with. 
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FicureE 15. 


A large resistance in series with the grid circuit gives the grid a 
negative potential and causes a decrease of plate current instead of 
an increase. 

A good method is to have a current meter or thermo-junction 
in the circuit at some point in order to measure the current. If on 
making connections to the vacuum tube voltmeter the current 
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changes value the voltmeter is loading the circuit and the results 
are not the constants of the free circuit. Figure 13 is a calibration 
curve fora leaky grid voltmeter. Any vacuum tube voltmeter must 
be recalibrated from time to time since any change in the filament 
or other parts of the tube will change the readings. Figure 14 
shows a calibrating circuit and a proposed type of vacuum tube 
voltmeter. Figure 15 shows a Moullin type voltmeter connected 
to measure the output po- 
tential of a power tube. 
Figure 16 shows a leaky 
grid type connected to an 
amplifying tube. This will 
measure very small values. 
Figure 17 is a General Ra- 
V.T. Voltmeter dio Thermionic Voltmeter. 
Ficure 16. 263. The Telephone as a 
Current Indicator. The or- 
dinary head set has been used to estimate small alternating 
current of the order of a micro-ampere. This, of course, is with 
current of audio frequency. In conjunction with a rectifying 
crystal the telephone has been used to estimate radio frequency 
current. The principle of this is in reality the principle of one of 
the forms of vacuum tube volt- 
meter and has been discussed 
before. The calibration of a 
vacuum tube as a rectifier is 
much more certain than that 
of a crystal. Witha crystal it 
is very easy to lose the sensi- 
tive spot and the calibration is 
lost. It is estimated that a 
good head set will respond 
audibly to a current of 1 micro 
ampere at a frequency near 
1000 cycles. 

264. Construction of Telephone. The telephone consists of a 
small horse-shoe magnet with short thin pole pieces so placed that 
the two poles can be connected by a thin steel disc. Around these 
two pole pieces are wound coils of fine copper wire No. 40 or 


Ficure 17. 
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smaller. These two coils are connected in series so that the current 
in flowing either strengthens both poles or weakens both poles, 
depending on the direction of flow of the current. This horse-shoe 
magnet, with poles and windings, is placed in a brass or bakelite 
box. The edge of the box is high enough to support the thin steel 
disc a short distance from the pole pieces. Some head sets are 
adjustable so this distance can be varied. Over this a flat top or 
cap with a hole in the center is screwed. The varying current in 
the phones strengthens or weakens the magnet so that the disc is 
drawn closer or allowed to spring away. The fluctuations of this 
disc about its position of equilibrium produce rarefactions 
and condensations in the air which are carried to the ear and 


POD LITLE. 


Watch case telephone receiver. 


Ficure 18 


are heard as sound. Figure 18 is a diagram of the watch case 
head set. 

Head sets are usually rated by the resistance of the phone. 
The resistance is an easy way to indicate the number of turns of 
wire about the pole piece. The resistance of each coil varies from 
500 ohms to 1000 ohms. There being two coils in each capsule and 
two capsules, one for each ear, the usual resistance of the head 
set varies from 2000 ohms to 4000 ohms. Although the resistance 
of the phones is used as a measure for the specification for the 
phone, resistance alone is not what is wanted. The number of turns 
is what is needed. A phone wound with high resistance wire would 
be of no use. 


210 Tue FUNDAMENTALS OF RADIO 


The mica disc phone is a phone which has a thin disc of mica 
instead of a steel disc. The center of the mica disc is cemented 
to a small rod which is actuated by a lever which is between the 
poles. The fluctuations of the lever causes the mica to vibrate. 
Figure 2, Chapter XXVIII shows a Baldwin mica disc head set. 

For methods of estimating the current, see ‘“‘Experimental 
Radio,” Ex. 88. 

265. Radio Frequency Resistance Standards. In general the 
resistance of a wire is greater for high frequency current than it 
is for a direct current. Tables have been calculated in which the 
size of a wire is given such that the R.C. resistance of the wire is 
not greater than the D.C. resistance by 1%. ‘‘Experimental 
Radio,” p. 125. Bureau of Standards 47, p. 310. 

Standard units of resistance can be prepared from small wire. 
In making these units the first thing is to decide the highest 
frequency at which the standard is to be used. For very high 
frequency the wire will be very fine and the current capacity will 
be small. These units may be all made to the same length by 
connecting the fine wire in series with a heavy copper wire or bar, 
the copper wire being so large that its resistance can be neglected. 
The ends of these units of 
resistance are soldered to 
convenient copper lugs or 
terminals which are amalga- 
mated and arranged to dip 
into mercury cups. To pro- 
tect the small wire the units 

Ficure 19. are mounted and fastened in 

glass tubes with sealing wax. 

Figure 19. The distance between the mercury cups can be any 

convenient length such as 10 centimeters. By the cut-and-try 

method these units may be made to have a resistance of 1, 5, 10, 

etc. ohms, but for accurate work they must be measured and the 

exact values used so it is scarcely worth while trying to get values 
in even numbers of ohms. 

The diameter of the wire to be used depends on the kind of 
metal. Manganin wire has a very small temperature coefficient 
and a rather high specific resistance and makes good units. The 
current should not heat the wire very much. Even manganin 
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wire changes resistance at high temperatures. High temperature 
may change the resistance permanently by oxidation or other 
effects on the wire. 

200. Radio Frequency Resistance Boxes. Convenient resistance 
standards can be purchased which are outwardly constructed like 
and can be used in the same manner as the ordinary resistance box. 
Figure 20 is a ra- 
dio resistance box 
made by the Gen- 
eral Radio Com- 
pany. 

Figure 21 shows 
the method of 
winding the coils, 
two wires to be 
connected in par- 
allel are wound on 
a thin mica or 
hard rubber strip 
which has been cuRe0 
notched on the 
edges; the first wire is wound using every alternate notch; the 
second wire is wound in the reverse direction, using the notches 
that are left. As illustrated, the wires cross each other at the back. 
By this means the inductance is near zero and the capacity is 
kept low. 

267. Wave Meters. In Chapter V “Introductory to Radio,” we 
have spoken of the wave meter 
and said that the wave meter 
is the measuring device which 
is peculiar to radio. It can be 
used to measure wave length, 

raven Oi frequency, capacity, induc- 

tance and decrement. It is 

often convenient to use it as an indicating device to indicate 
whether certain parts of the circuit are functioning or not. Figure 22 
isa picture of Fleming’s cymometer, an early type of wave meter. 
The theory of the wave meter has been given before, and we found 
that the value of the wave length, \=1884\/LC where L and C 
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are given in microhenries and microfarads respectively. Or 
h=59.6\/LC where L is given in centimeters and C is given in 
microfarads. Frequency can be calculated from n=1/(2r/\/LC). 
Or frequency can be calculated from n=0/). 

Any coil and variable condenser can be used as a wave meter 
but for a good wave meter, good coils and good variable con- 
densers must be used. Figure 23 shows some of the various methods 
of using wave meter circuits. For details of these circuits, see 
““Experimental Radio,” page 41. 

The coil should be wound on a good form—one made of good 
dielectric material—hard rubber, dry wood impregnated by 
boiling in transformer oil or paraffin. The form must have good 
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Figure 22. Fleming Direct-reading Cymometer. (Perspective view) 1905. 
The inductance is changed by a shding contact on a long coil, the capacity’ is 
changed by sliding one cylinder of a cylindrical condenser. Fleming’s Principles of 
Electric Wave Telegraphy. 


dielectric properties and be of a material which will not change 
shape or dimensions with temperature or moisture. 

The condenser must be one constructed in a manner such that 
there can be no change of capacity from time to time due to back 
lash or shaking of bearings. The bearings should be pivot bearings 
which are locked in position and supported by a rigid frame. 
The rotor should be well centered and so spaced that the rotor 
leaves are midway between the stator leaves or plates. 

The coil and condenser should be connected together by short, 
strong connections. The relative position of coil and condenser 
and other parts must be rigidly fixed so they will always occupy 
the same relative position. The calibration may be in the form of 
a curve or a table may be furnished, giving the values at certain 
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positions. The curve is to be preferred. Some wave meters have the 
exact wave length or frequency given on the dial. This is con- 


Cr, 


fe 
B 
4 |e felafels 


Gc 
Le ie a 
5 
= i al = 


e 


REGENERATIVE 


=A |olalalalala|e 
B 


HARTLEY SERIES 
f 


’ 
COLP/TTS ~ RB +7 


h 


FIGuRE 23. 


venient in using the wave meter but is not accurate unless the 
greatest care has been exercised in placing the readings on the 
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the dial. In making some cheap wave meters one dial is calibrated 
and all other dials are made like this, assuming that all coils and 
all condensers will be exact duplicates of the first coil and con- 
denser. If the coil or condenser should change in any way, the 
readings are not correct and the meter must be recalibrated and 
corrections applied to the dial readings. 

The wave meter should be cali- 
brated using the same indicating 
device with which it is to be used. 
The wave meter should not be 
calibrated using a buzzer if accu- 
rate readings are desired when 
used with a crystal and head set. 
The wave length depends to some 

Ficure 24. extent on the accessories which 

are connected to the meter. 

Every wire or instrument has a certain amount of capacity and 
inductance. 

It is often convenient to have a wave meter which can be used in 


various indicating devices, buzzer, head set, glow lamp, or milli- 
ammeter. This 


wave meter can 
be used with any 
of the connections 
and the readings 
taken from the 
same curve if ex- 
treme accuracy is 
not wanted. The 
standard wave me- 
ter should consist 
of a coil and a 
condenser and one 
indicating device. FIGuRE 25. 

Figure 24 is a 
diagram of con- 
nections of a wave meter having several indicating devices. It 
consists of a coil, a variable condenser and a four point switch by 
means of which the connections are made direct, Figure 23k, or 


Buzzer 
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by closing the two point switch the connections are made for Fig- 
ure 23a or 236. The connections for Figure 23i are made by con- 
necting to the second point of the four point switch, i.e., to A, 
a flash lamp. The third point changes to a milliammeter in the 
same position, A, Figure 237. The two point switch is open for 
these connections. The fourth point changes to a connection so 
that a coil or resistance can be placed in series with the milliam- 
meter so that resistance measurements can be made. Several coils 
can be used if the con- 
nections are made so 
they shp into binding 
posts or jacks. 

If two or more coils 
are used, the calibration 
must be given as curves 
for each coil. 

The wave meter can 
be made up into an oscil- 
lating wave meter, Fig- 
ure 23f. The position of 
the B and A batteries 
must be fixed in a case 
in order to keep the cali- 
bration constant. Change 
of filament current or B 
battery potential will 
cause small changes in 
the calibration. The os- 
cillating wave meter is 
a great convenience when FicureE 26. Diagram of single button carbon 


adjusting oscillating cir- transmitter. Above. Diagram of double button 
transmitter. Below. 


cuits. 
Figure 25 is a wave meter made by the General Radio Co. 


268. Microphones. The microphone becomes a measuring 
instrument when response curves are made. The carbon micro- 
phone is well known and should need no explanation. It depends 
upon the fact that the resistance of carbon diminishes with pres- 
sure. The changing resistance of the carbon causes a fluctuating 
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current through the primary of the transformer. This fluctuating 
D.C. current causes an alternating current through the secondary 
of the transformer. This fluctuation is proportional to the in- 
tensity of the sound waves. 

The double carbon button microphone consists of two carbon 
buttons which are connected in parallel in the local battery cir- 
cuit. One of these buttons is on the front and the other is on the 
back of the diaphragm of the microphone. By this method the 
resistance of one button is increased, while the resistance of the 
other is diminished. This current is led through a transformer 


Western Electric 
FicureE 27. No. 387 Transmitter and No. 1-B Transmitter Mounting. 


which has a mid tap on the primary coil. An increasing current 
flowing toward the mid tap in one-half of the coil causes an 
E.M.F. in the same direction as a diminishing current through 
the other half of the coil towards the mid tap. 

Figure 26 shows a cross section of a single button microphone 
and of a double carbon button microphone. 

Figure 27 shows a Western Electric carbon microphone used in 
broadcasting. 

209. Condenser Microphone. The condenser microphone consists 
of a stretched diaphragm which is held a very short distance from 
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Western Electric 
FricureE 28. Sectional view of the e- 
lectrostatic transmitter. A and B are 
the two plates of the condenser. 


C, varies with the distance, 
d, the quantity of electricity 
changes in the condenser. This 
change of quantity is an alter- 
nating current which flows 
through the circuit. In this 
circuit there is a high resis- 
tance of about 20 megohms. 
The varying potential across 
this resistance is communi- 
cated to the grid of a tube 
through a coupling condenser 
as in any resistance amplifier. 
Figure 29 shows the connec- 
tion of the first stage. The 
output of this condenser is so 
small that line noises tend to 
mask the effect. 


In order to overcome these line noises, 


Condenser 
Microphone 
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FIGURE 29, 


a second plate, Figure 28. The 
capacity can be calculated from 
the formula, C=KS/4rd. The 
capacity changes due to the fact 
that the distance, d,is continually 
changing. A constant potential 
of about 200 volts is placed across 
this condenser. As the capacity, 


Frcure 30. No. 47-A Condenser Trans- 
mitter Amplifier. 


ie we 


necessary to house one stage of the amplifier in the same 
shielded housing with the microphone. 
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Figure 30 shows a microphone and also the amplifying unit which 
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Frcure 31. Diagram of the connections of the audio oscillator. 


is associated with the microphone. Figure 24, Chapter XXIV 
shows a microphone as used in a broadcasting studio. 
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Ficure 32. Calibration curves of the audio oscillator. The curve showing the 


frequency is approximately a straight line through a change of frequency of 5000 
vibrations. 


270. Beat Note Oscillator. If two radio frequency oscillators are 
brought close enough together a beat note is heard in a telephone 
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in either circuit. The pitch of this heterodyne note can be changed 
by changing the tuning of either circuit. 


Figure 31 isa simple 
beat note oscillator 
made of honeycomb 
coils. If one of the os- 
cillators is calibrated 
as a wave meter and 
a frequency curve is 
drawn, two points can 
be found such that 
the difference of fre- 
quency is 5000 or 
10000 cycles when the 
capacity of either cir- 
cuit is changed a de- 
finite amount. This 
capacity can be made 
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FIGURE 33. 


the capacity of a small variable condenser in multiple with the 
first condenser. Figure 32 is a reproduction of such a curve. For 
details see ‘Experimental Radio,’’ Experiment 109. 

Figure 33 is a diagram of a more complicated oscillator which, 
when the various parts are screened, gives a uniform output. 
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271. Effect of Frequency. The resistance of a wire for high 
frequency current is larger than the resistance of the same wire 
for direct current. This is due to the fact that the inductance of 
a wire of small diameter is larger than that of a wire of large 
diameter. The resistance of a copper wire is inversely proportional 
to the cross section for direct current. If we have a wire of a certain 

diameter, one millimeter, say, the 

G, resistance for a given length is a cer- 

tain amount. This will be the same 

as the resistance of a hollow pipe 

whose cross section is the same as 

that of the wire. Figure 1. If the 

inside diameter of the hollow pipe is 

1 millimeter and the outside diameter is 1.41 millimeters, the con- 

ductivity of wire and pipe will be the same for direct current, since 

the cross sections are the same. The resistance of the pipe will 
be less than that of the wire for high frequency current. 

Let us assume that the wire is slipped into the pipe, or that we 
have a solid wire in which the 
central portion can be removed. 

If this wire of diameter of 1.41 
millimeters is placed in a high 
frequency circuit, more current 
will flow through the pipe because 
the inductance of the pipe is less m D 
than that of the wire. Thus the 
current tends to flow on the 
shell or skin of the wire. 

This may be made more clear by imagining two coils of wire 
made up of equal lengths of wire of the same diameter but one 
wound in the ordinary fashion and the other wire doubled and 
wound so as to make a non-inductive coil. Figure 2. Since the two 
coils are made of the same wire identical in length and size, the 
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Ficure 1. Wire of 1 mm. diameter 
and a pipe 1.41 mm. diameter and 
a solid wire made up of the two. 


FIGuRE 2. 
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resistance of each coil is the same for direct current. Suppose each 
coil has a resistance of one ohm. If the two are placed in parallel 
the D.C. resistance will be } ohm, and the heat developed will be 
proportional to J?R=J?/2. If 60 cycle A.C. current is used, most 
of the current will flow through the non-inductive coil and the 
heat developed in the coils will be greater than that for the D.C. 
current. The heat will be proportional to /? times one ohm, nearly. 
The resistance of the two in parallel will be greater than $ ohm. If 
the frequency is increased, most of the current will flow through 
the non-inductive coil, and for high frequency the impedance of 
the inductive coil will be so large that the current through it will 
be practically zero, and this coil can be removed without changing 
the total current. Thus the resistance of the two in parallel will 
be the resistance of the non-inductive coil. 

If a solid wire is used for radio frequency, the inductance of the 
inner portion being greater than the outer portion, all the current 
flows through the outer portion and the inner portion can be 
removed without changing the resistance of the circuit. Since high 
frequency current flows mostly through the outer layers of the 
wire, the resistance of the wire for high frequency current is 
greater than the resistance of the same wire for D.C. current. In 
this connection it is well to remember that the energy dissipated in 
a wire (heat developed) is proportional to the resistance, and 
not proportional to the inductance. Inductance impedes the cur- 
rent but does not use up energy. In tuned radio circuits we annul 
the effect of inductances by means of capacity. 

272. Calculation of A.C. Resistance. The formula for calculating 
radio resistance when the frequency is high is R= Rov rnpa?/p 
where 7 is the frequency, u is the permeability, a is the radius of 
the wire in centimeters, and p is the specific resistance of the 
material of the wire. This is for straight wire. 

This is a rather complicated formula, but we see that the 
difference between the D.C. and A.C. resistance is greater the 
higher the frequency, the larger the diameter of the wire, the 
greater the permeability of the material of the wire, and the greater 
the conductivity of the metal. In large wires of copper the differ- 
ence is great. 

In small wires of German silver, manganin, advance, or ni- 
chrome, the difference is small. In iron and cromel wire the 
permeability tends to increase the difference. 


lye 


The following table gives the frequency expressed in wave lengths and the diameter of the wires, such that the A.C. resistance 


differs from the D.C. resistance by 1%. 


Fifty-six hundredths (.56) of this diameter reduces the error to 0.1%. 


FUNDAMENTALS OF RADIO 


THE 
S own 
vo wy a ON 
5) QQ SS se! Se) Sei 1) 
gq |S" SO ore 
o Ww 
Ww sH 
coc tN ~ 
N al eooanw eo 
al =I SS =) 5 S&S &e 
aM 
+ co D 
u co oD O7V 
o Oo sH OO) Sh SOUT NS 
piece [oe Carey a tee) 
~ 
£ a 
S 
A No 
te HH D 
oO S asa (S)' Sel Ne) tes 
» iN ise) Ss & © Geil Sa! si! 
D ay A Seas Rei ig, Os. lei a 
q cD 1n 
N 
ee 
se} 
q 
=} on 
rs So ve) ON Ose Nn a 
os] S ™~ Sie (oe) le) 
lat NS m1 
b mwa | re) 
i 
wy 
S Se Sagh ISN m~ 
(j=) — SKS Nt ign ie) Ne} 
Sy 4 — So 0 
—_ ™~ 
OD 
Oo Se) tony en 
S | Ses © a © 
Sin Teel’) 
© ant 
— 
a ws Vn Cy ip 1 1. 
Pay 2 j [ee SI SS AI TES iin Pl 
Sage (=) Sooo 2 © => 
Sn fe] — Sse wos st st St 
oe OX 
BA a 
‘ge + wy (S) Ve) 
SP wiper sy = 
=H 
[e} 
ox. WM 
= S 
3 O 
8 oO 
S S qd gs 
a & So Se) is te 
= oS q =| 
co Sat ot ae SS 
80 eH eo YW 
eel l &@5 89g 
Spe Se Shas 1S Sg 6 
a OoOonO”O 


For any kind of wire at 
any frequency, it is possible 
to get a wire small enough 
so that the D.C. resistance 
and the A.C. resistance does 
not differ by more than a 
certain small amount. 

Radio frequency 
tance boxes are made of 
wire whose diameter is 
small enough to make the 
A.C. resistance equal to the 
DiC resistances se weradio 
frequency resistance box is 
correct for any frequency 
less than a certain specified 
frequency. 

273. Comparison of A.C. 
and D.C. Resistances. The 
only experimental method 
of comparing A.C. and D.C. 
resistances is by means of 
heat methods. The differ- 
ential thermometer method 
was first used by Fleming in 
comparing D.C. and A.C. 
resistance. The method is 
illustrated by the diagram, 
Figure 3. Two glass tubes 
exactly alike are formed 
into an H tube joined to- 
gether by a U tube. The 
wires to be compared are 
two samples of wire exactly 
alike. They are placed one 
in each of the two tubes 
which are made air tight. 
A small amount of water is 
placed in the U tube to 


resis- 
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serve as an index for pressure equilibrium. One of the wires 
is connected in a high frequency circuit and the other is con- 
nected into a D.C. circuit. When the currents are adjusted for 
thermal equilibrium as indicated by the 
water in the U tube, then J?R=77, and if 
the capital letters represent the high fre- 
quency resistance and current, then the 
A.C. resistance, R= 717/17. 

When wire is wound up into a coil the 
high frequency resistance is generally greater 
than that for the wire when it is straight. 
Formulae can be found which will give the 
resistance, but as a general thing they are 
very complicated. 

274. Application. In the first part of this 
chapter it was shown that the current tends 
to flow on the surface of the wire. This has 
led to some misconceptions, one of which 
is that the greater the surface the less the CLAMP 
resistance. Small wires have been bundled Ficure 3. 
together into a cable supposing that be- 
cause the total surface of the wires is greater than that of a single 
wire of the same combined cross section, the resistance is less. 
The fact that the surface must be outside surface has been for- 
gotten. The resistance of a cable made of fine uninsulated wires 
is greater than a solid wire. As a general thing the strands are 
woven so that the wire is now on the outside and again in the 
inside. The current tends to flow on the outside of the cable so the 
current flows across from one wire to the next in order to remain 
on the outside, and the resistance to its flowing is greater than in 
a solid wire, due to the resistance of the points of contact through 
which the current flows. 

If the wires are stranded together and are perfectly insulated, 
one from another, then the current in each single strand is the 
same, and the entire cross section is used, then the resistance is 
lessened. The resistance is less, but the inductance is greater than 
that of a solid wire. If through age or weathering the insulation 
between wires breaks down, then the resistance is increased and 
the stranded wire is worse than solid wire and may be even worse 
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than a bundle of bare wires. If one wishes to make a general 
statement which will apply to the usual run of conditions, it may 
be said that some of the stranded wire is about as good as solid wire. 
275. Methods of Measuring Radio Resistances. ‘There are two 
methods of measuring resistance at radio frequency, the resistance 
variation method and the impedance variation method. In the 
resistance variation method a radio frequency ammeter, and a radio 
frequency resistance box or unit is placed in a radio circuit which is 
inductively coupled to an oscillating circuit. The circuit is tuned 
until the ammeter reads the maximum current. Resistance is in- 
serted into the circuit and the current is read again. In practice the 
circuit will need to be tuned again until the meter reads a maxi- 
mum. The resistance should be so constructed and placed that the 
circuit tuning will be changed as little as possible by the insertion of 
the resistance. Since the circuit is tuned, 7:= £/R> in the first case, 
where Rp is the resistance of the circuit and 7; and # are current 
and E.M.F. in the circuit. When resistance, R, is inserted, 
T,= E/(Ro+R). From these two equations we get Rp = RIs/(1:— 12). 
A particular case is when /» is made equal to 


VVWWWV 

R ale 4 of I;, then Rp=R. Rois the resistance of the 
Ww coil, condenser, ammeter and any other re- 
=A sistance in the circuit. The ammeter is usually 
MA a muilliammeter in which the heater wire is 
Bebe so small that the high frequency resistance is 
: the same as the D.C. resistance, and its re- 
sistance can be determined by the usual D.C. 
methods. The ammeter resistance may 
a4 Ly change appreciably with temperature (with 
Cajpjyt current). The resistance of the condenser, if 
“5 a good radio frequency air condenser, is small 

tt and can usually be neglected. 
= The diagram, Figure 4 shows the connec- 
Braue tions of the circuit being measured and of the 


oscillator. The coupling of the circuits should 

be so loose that the variation of the resistance in the circuit does 
not change the current in the oscillator. 

2706. Measurement of the Resistance of the Oscillator. Resistance 

may be inserted in the oscillator circuit and the resistance of the 

oscillator measured in the same manner, Figure 4. However, in 
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certain cases the E.M.F. will change due to the extra resistance, 
and the results will not be correct. Sometimes the measured re- 
sistance as calculated is less than the ammeter resistance. 

277. Impedance Variation Method. In the impedance variation 
method the circuits are the same as in the resistance variation 
method except that no standard of resistance is used. In this case 
instead of using the current, the square of the current is used. The 
circuit is tuned for resonance, the square of the current is read 
and the capacity of the condenser is read. 

The capacity of the condenser is changed a convenient amount 
and the square of the current read again. 

In the first case E?= J?(R?+ (Lw—1/Cw)?) = /°R? since the circuit 
is in resonance with the oscillator. In this case Lw=1/C,w. 

In the second case E?=Jo?(R?+(1/C,w—1/Cw))?. Solving for 
R, from the two equations we get, 


= [(1/)(C,—©)/CC.]V()/(hi?— 12) . 

If J,? is made equal to § of J,?, then 

R=1/a(C,—C)/CC,. 

A radio frequency galvanometer is convenient in this method 
since the readings are proportional to the square of the current. 
The capacity of the condenser should be high, since it is assumed 
that all the capacity of the circuit is in the condenser. 

278. Substitution Method. If in Figure 4 the unknown resistance 
is placed in the position, R, in the wave meter circuit and the wave 
meter circuit is tuned for maximum current and then the unknown 
is replaced by a radio frequency box and the resistance is adjusted 
so that the maximum current is the same as the maximum current 
was when the unknown resistance was in the circuit, then the re- 
sistance in the box is equal to the resistance of the unknown. 

The unknown resistance should have no or little inductance. 
If the unknown is a coil, the readings of the condenser will be so 
much different in the two cases there may be a question of the 
other resistance in the circuit being the same in the two cases. 

The accuracy of the measurement of radio frequency resistance 
is not anything like the accuracy obtained with ordinary resistance 
measurements. It is necessary to use certain precautions. The 
resistance of a wire or other apparatus depends upon its position 
with respect to other objects. Instead of regular radio frequency 
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resistance boxes, resistance units can be used. A resistance may be 
prepared of a straight piece of high resistance wire and the change 
may be made by inserting this in place of a bar made of high con- 
ductivity material. One curious fact may be noted when the 
frequency is high. This is that the resistance of the standard and 
the bar in parallel is greater than the resistance of the bar. 

279. Resistance of Radio Frequency Coils. The resistance of a 
wire depends not only on size of the material and frequency; it 
also depends upon its position with respect to other objects. It is 
well to remember that in measuring radio frequency resistance we 
are measuring the energy losses in the coil. Anything which ab- 
sorbs energy from the circuit will increase the resistance of the 
circuit. All heat losses appear as resistance. Thus dielectric 
losses, eddy current losses and radiation losses appear as resistance. 

In a coil the distribution of the current in the wire is different 
from that when the wire is 
straight, and there may be, 
and usually are, losses in the 
insulation and forms on which 
the coil is wound.  Self-sup- 
porting coils such as “‘spider 
web” coils or Lorentz coils, do 
not need tubes or forms, but 
the length of wire used in the 
construction is increased. Ex- 
periment shows that for the 
broadcast range single layer 

Ficure 5. Drawing showing the differ- coils made of wire about size 
ential thermometer. The heat developed No. 18 wound on good forms 
in the coil in the left hand beaker by the have minimum resistance. 


radio frequency current is balanced by the A good coil may be wound 
heat developed in the coil in the right 
hand beaker by the direct current. The ; Sis 
equality of the height of the water in creased by placing it in the set 
the U-tube indicates when equilibrium Close to other objects. Toroid 
is established. coils tend to concentrate the 

field to the space inside the 
coil, but the resistance is higher than that of a single layer coil. For 
sharp tuning a coil of low resistance and low capacity is needed. Fig- 
ure 5 shows the method of measuring coils by the thermal method. 


and have its resistance in- 
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280. Condenser Resistance. The resistance of a condenser 
consists of the resistance of the connecting terminals of the 
condenser and the hysteresis 
losses in the dielectric. It is | 
well known that Leyden jars | 
get hot when connected to an Ficure 6. At left, diagram showing a 
alternating circuit. This heat- perfect condenser in series with a resis- 
ing fe che wocdhe chalewee eee tance; at right, showing how the actual 
; R 4 resistance of a condenser may be in series 
in the glass. Any heating of a ; 

or in parallel with a condenser. 
condenser due to any cause 


will appear as a resistance when resistances are measured. These 
various losses may be represented as a resistance in series and as 


FIGURE 7. 


resistance in parallel with the condenser. When we speak of the 
resistance of a condenser as being a certain number of ohms, we 
mean the equivalent series resistance. The condenser is equivalent 
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to a perfect condenser of the same capacity as the given condenser 
and a resistance of the same number of ohms placed in series with 
the perfect condenser. Figure 6. 

The only method of making absolute determinations of the re- 
sistance of a condenser is by means of the thermal method. 
Figure 7 is a photograph of the apparatus used by the author in 
determining the resistance of condensers. A good variable condenser 
has a resistance of about .1 ohm at a frequency of 1,000,000 
cycles per second. This is usually small compared to other re- 
sistances in the circuit and can be neglected. 

The usual method of measuring the resistance of a condenser is 
to measure the resistance of a circuit in which a good air condenser 
is inserted and assume that the resistance of the air condenser is 
zero. The condenser to be measured is substituted for the air 
condenser, the resistance of the circuit is measured again and 
the difference of the two measurements is assumed to be the 
resistance of the condenser. 

At low frequencies the resistance of a condenser can be measured 
by means of the three voltmeter method. See Chapter IV on 
Alternating Current. 

From the vector diagram 
the resistance of the condenser 
can be determined. The phase 
angle is nearly 90 degrees. The 
amount the angle lacks of 
being exactly 90 degrees is 
proportional to the resistance 
of the condenser. This small 
angle is called the phase dif- 
ference. It is usual to speak 
of the phase difference instead 
of the resistance when speak- 

Ficure 8. ing of large condensers at low 

frequency. Dielectric losses 

diminish as the frequency is increased. The dielectric loss of a 
good air condenser is relatively small at low frequencies and cal- 
culations made from the rate of variation at low frequencies show 
that the losses at high frequencies are almost zero. This does not 
take into account eddy current losses or other losses which increase 
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with frequency. Since heat measurements show that a good air 
condenser of the “‘low loss’ type has resistance of the order of .1 
ohm the substitution method of condenser resistance measurement 
can be used. Use a good “low loss’? condenser and assume the 
standard to have zero resistance. Figure 8 is a tapered plate low 
loss condenser. 

As has been stated before, the resistance of a radio condenser 
consists of series resistance, resistance of the terminals, and 
resistance of the plates to the current which flows through the 
plates as the current is distributed in the plates. There are also 
eddy current losses. These resistances may be said to be metallic 
resistances, and these resistances increase with frequency. Di- 
electric losses diminish with frequency. The manner of variation 
in any individual condenser will depend upon the relative amount 
of metallic resistance to the dielectric resistance. 

In a variable condenser the resistance increases as the capacity 
of the condenser diminishes. This can be explained because the 
potential across the plates increases as the capacity diminishes, 
according to the equation Pd=J/Cw. This increased potential 
across the plates will increase the dielectric losses or shunt losses. 
As the capacity is diminished the area of the plates are diminished, 
thus making the cross section of the conductor less. 

Mrs BD Morriss(Physt Rev. 33, ps 1076, 1929)" has found 
that the following equation R,=R(300/\)(C/.001)#/2 applies to 
most condensers. Where A, is the resistance of the condenser under 
standard conditions, i.e. 300 meters wave length and capacity 
.0O1 microfarads, R is the resistance of the condenser at wave 
length, \, when set at the capacity, C. When this equation is 
applied to the published data, the values of R, for any set of 
observations may vary as much as 300%, but the resistances were 
of the same order. Results obtained by the heat method gave re- 
sults ranging from .002 ohms to about .01 ohm. When this equa- 
tion is applied to results made by the substitution method where a 
condenser of known resistance is substituted, the results are 
practically the same as the above. Applying this formula to the re- 
sults made by the resistance variation method where the resistance 
of the coil is calculated or eliminated, the results are much larger. 
The values of R, ranged from a quarter ohm to 1.3 ohms. 


230 THE FUNDAMENTALS OF RADIO 


Miss Fletcher has found that if in the above formula the square 
root of the ratio of the wave lengths is used instead of the first 
power, the results for R, are much more constant when applied 
to two certain condensers with aluminum plates, while Morris’ 
formula applied to a certain brass plate condenser. 

Since the resistance of a condenser consists of metallic resistance 
and dielectric resistance, and the relative amounts of each differ 
with any particular condenser, it can not be expected that any 
one formula will apply to all condensers. However, the application 
of these formulas indicate that one can not judge a condenser 
because some few results give values which are very low. If one 
sets the condenser to maximum capacity and uses a small coil so 
the wave length is very low, the result will be very low. The 
actual resistance of this condenser may be much greater than one 
set for low capacity and long wave length, where the resistance 
may be several ohms. 

The application of the formula brings out the fact that the 
resistance variation methods in which the coil resistance is calcu- 
lated or eliminated measures something more than the heat gen- 
erated in the condenser. This has been explained by saying the 
difference is radiation resistance, but calculation shows that the 
radiation is much too low to account for the discrepancy. 

281. Effect of Resistance. In the equation, 

E 


/ R?+ (Lw—1/Cw)? 


the current, /, is a maximum when the circuit is tuned. The maxi- 
mum current is J=E/R. ‘Thus if the resistance is large the 
maximum current is small. Not only is the current small but the 
variation of the current with the tuning is small when the resistance 
is large. If the resistance is very large the current depends upon 
the value of the resistance and very little on the term involving 
the capacity and inductance. Exact tuning makes little or 
no appreciable difference. Resistance makes a receiving set 
inefficient and unsatisfactory. If a resonance curve is made of a 
circuit the peak of the curve is found to be very low and flat. 
A resonance curve, Figure 19, Chapter XV, is one in which the 
radio frequency current is plotted as ordinate, and wave length, 
frequency, capacity, or dial setting of the tuning condenser 


f= 
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is plotted as abscissa. If the resistance is small the curve has a 
very high peak. In the first place the tuning is said to be broad and 
in the last case the tuning is said to be sharp. 

In a transmitter high resistance cuts the efficiency of the radio 
frequency generator and makes the frequency more or less variable. 

282. Decrement. Decrement, or more strictly, logarithmic decre- 
ment, is a term which is used in radio as a measure of the sharpness 
of tuning. The term originated in the early days with damped 
wave transmission. In damped waves the amplitude gradually 
diminishes in the same manner as any harmonic motion dies out. 
Decrement means the same as the term logarithmic decrement 
when applied to a ballistic galvanometer. The decrement is the 
logarithm of the ratio of one amplitude to the next amplitude. 
The equation for current in a circuit containing resistance, capacity 
and inductance, is J=Ipe—®4/24 sinwt. RT/2L is the decrement of 
the circuit. Thus the decrement is proportional to the resistance of 
the circuit. In a certain sense, decrement is a measure of the 
resistance of the circuit. 

In Chapter XV, on coupling, we saw that close coupling had the 
effect of making the circuit resonate at two frequencies. If a 
resonance curve is taken in such a case we have a curve like that 
in Figure 18, Chapter XV. This rendered the resonance curve 
broad so the term decrement is applied to this type of curve froma 
coupled circuit as well as to a simple tuned circuit. In the theo- 
retical discussion of decrement we find that the decrement de- 
pends on the resistance of the circuit, while in practice it depends 
on the coupling of the circuit, as well as on the resistance. Figure 
9 shows waves of various decrement, also a continuous wave or 
one in which the decrement is zero. 

If we have a wave like the last, in Figure 9, in which the 
decrement is so large that the second amplitude is nearly zero, 
we have what might be called a pulse. This pulse might be likened 
to a blow from a hammer. If we have a boy in a swing, he can 
swing in two ways. Perhaps he can have his father give him a big 
push in the morning as he goes to work and another push at noon 
and another push at night. The boy swings high for a short time 
and then the ‘‘cat dies,’ and there is a long interval in which he 
does not swing. If the decrement is not large, the swing does not 
come to rest so soon. The more friction the faster the swing comes 
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to rest. If the decrement is made zero there must be someone 
pushing all the time or there must be no friction. The case of 
absolutely no friction, or resistance, is impossible. In continuous 
wave circuits, energy is fed in all the time at a regular rate, giving 
waves of constant amplitude or zero decrement. 

If we have a transmitter which has a large decrement so that 
the wave transmitted is a pulse, it does not make much difference 
about the tuning of the receiver. Since the pulse has no frequency 
all receivers will be affected alike, independent of frequency. A 
hammer blow will start any pendulum to vibrating, independent of 
length of the pendulum. 


ii ANANADADA 


I Continuous wave, d=0 100 @=2v 
WL W065 IV d=4.6 Pulse 
FIGURE 9. 


The more vibrations before the wave dies out, the easier it is 
to tune the station out of the receiver. If the first pulse affects 
the receiver, the pulses or vibrations which follow will soon be 
in the direction to retard the effect of the first pulse unless the 
natural frequency of the receiver is that of the wave. Thus the 
more waves in a wave train the less the decrement and the sharper 
the tuning. A spark station whose decrement was greater than 
.2 was outlawed by the U. S. authorities. When the decrement is 
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.2 there are 23 vibrations or waves before the amplitude falls to 
1% of the initial amplitude. Thus a spark station must make 23 
or more vibrations before the waves die. There must be at least 
23 waves for each spark. 

To liken radiation from a radio station to the radiation from a 
light source: a station with a low decrement gives a line spectrum 
of a definite wave length, while a large decrement means a band 
spectrum covering a large range of wave lengths. It is hard, or 
next to impossible to tune out a station with a large decrement. 
Another advantage of small decrement is that all the radiated en- 
ergy of the sending station is concentrated on one wave length, 
while the energy is scattered over a 
broad band when the decrement is 


large. 
283. Derivation of Equation. The 
solution of the differential equation of aie: 10). 


an oscillating circuit containing resis- 
tance, inductance, and capacity may be put into the form J = [ye 
sin wt, where /) is the initial or maximum value of the current, J is 
the value of the current at any time, ¢; w is the angular velocity, or 
2an, nm being the frequency and a=R/2L, R being the resistance 
andZ the inductance of the circuit. 
The equation can be represented by the curve of Figure 10. 
The amplitudes are 
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This is the same as the usual logarithmic decrement used in 
ballistic galvanometer work, except in ballistic galvanometer 
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work we follow the English fashion of taking the ratio of the two 
successive swings in the opposite direction instead of the two 
successive swings in the same direction. Thusthe decrement in U.S. 
wireless is two times the value determined by the English method. 
The determination of J1, Is, etc., or successive amplitudes of the 
current is impossible where the frequency is in the order of 1 
million, as it is in wireless work. 
In the above equation the frequency 
1 Tiree 
n=—A/ ——— 


2a LG Al? 


If R is small or zero, this becomes n=(1/2r\/LC). This is the 
same for 2, obtained from the equation of alternating current in 
a circuit containing resistance, inductance and capacity, with an 
alternating E.M.F. 


E 
/R2+(Lw—1/Cw)? 


The value of J is a maximum when 1/Cw—Lw=0, ie., J=E/R. 
If Lw=1/Cw, then (24n)?=1/CL or n=(1/24r\/LC). The above 
equation for J can be written 


ie 


F?2 
TR (Lw Sew: . 


2 


When the reactance term Lw —1/Cw=0, the circuit is in resonance 
with the E.M.F. Then 


x2 E E 
" R24+(Lo—1/Cw)? R? 


where C, is the value of the capacity which makes the circuit in 
resonance with the E.M.F. Then Lw=1/C,w. 
If the capacity is changed until J?=4/,?, J, being the resonance 
value, then 
1 EF 


_ 
2 R?-+(1/Cwo—1/C,w)? 
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since doubling the denominator will halve the value of 7’. Then 
R?=1/02((C,—C|CC,)? or R=1/w(C,—C/CC,) 
T=1/n=2n/w and decrement d=aT=RT/2L 


ae Ges Qe (ae 2 
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where C, is the value of the capacity at resonance and C is the 
value of capacity which reduces the mean square of the current to 
> its value. In this manner the decrement is measured by deter- 
mining the resistance in terms of a capacity. 

The decremeter consists of a coil, a variable condenser, and a 
radio frequency milliammeter or galvanometer connected in series 
and placed near the radiating source. The decremeter is simply a 
wave meter which has a milliammeter in the circuit. The capacity 
is varied until the current is a maximum or the circuit is in reso- 
nance with the source. The capacity of the variable condenser is 
then varied until the mean square of the current is reduced to 4 
the first value. Then the decrement is calculated. This gives the 
sum of decrement of the source, aerial, and the decrement of the 
decremeter. This is exactly the same as in measuring the re- 
sistance of a 1 to 1 transformer circuit by introducing resistance 
in the circuit until the current is made 4. The value of R intro- 
duced is equal to the sum of the resistances in the two circuits. 
This holds if the mutual inductance is large as in a transformer. 

Since d=aT=(R/2L)T, doubling the resistance in either circuit 
will double the decrement of either circuit. 

Thus the introduction of resistance in the decremeter circuit 
until the current in the decremeter is made one half, the circuit 
being kept in resonance all the time, will double the decrement 
of the decremeter. If Di=d,+d=first decrement measurement 
and D,=2d,-+d=second decrement measurement with resistance 
inserted in decremeter circuit, then dj= D.—D,. 

The decremeter is assumed to be loosely coupled to the aerial 
so as not to affect the aerial circuit. 


236 THE FUNDAMENTALS OF RADIO 


An accurate method of getting the decrement of a decremeter 
is to use a continuous wave current such as is generated in the 
modern tube circuits or ra- 
dio telephone circuits. In 
these circuits the wave is 
continuous, the decrement 
is assumed to be zero and 
the decrement measured is 
that) of the idecremeter 
alone. 

Thus we can define the 
decrement in terms of the 
amplitudes or by the way 
the current dies down, or 
theoretically we can define 
it in terms of the equation 
Capacity of Condenser d= (R/2L) ie, Defined by 
the amplitude, a C.W. sta- 
tion has no decrement and 
was so assumed during the days of the spark stations. But C.W. 
stations have resistance and inductance, since d=(R/2L)T and 
Ti 21 PO —aR Cy Le 

Thus the decrement can be considered to be a constant of a 
simple radio circuit, being w times the product of the resistance by 
the square root of the ratio of the capacity to the inductance of the 
circult. 


Runs up to 1 amp. 


| 


AZ 


08 


Oscillatory Current : Amps. per Impressed Volt 
04 


Ficure 11. 


284. Negative Resistance. In the paragraph on the conditions 
for oscillations, Chapter XIV, we had the equation J = J ye*! sin wt 
and found that 


Ck BEG E (==) 
CSS a 7 : 
2CL 25 CIE 


Thus if (GM —BL)/C=R then a=0. 

If in Figure 11 the circuit LCR has a resistance of 100 ohms and 
an E.M.F. is induced into it from the aerial, the current will be 
the values shown in the resonance curve marked 100 ohms. If 
the tube is coupled as in the figure so as to be regenerative, and a 
resonance curve like that marked 10 ohms is obtained, then the 
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total resistance must be reduced or the value of (GM—BL)/C 
must be 90 ohms. Therefore, due to the regeneration, the tube 
seems to have a negative resistance. 

The resonance curves when the regeneration is introduced are 
much more sharp than before the regeneration. The selectivity 
of the circuit is much increased and the decrement of the circuit 
is diminished. 


CHAPTER XXI 
SPARK TRANSMISSION 


285. Historical. Spark transmission or damped wave trans- 
mission was the first method used in radio. This method depends 
upon the fact that the discharge of a condenser 
through an inductance is oscillatory. The oscil- 


be C latory discharge of a Leyden jar is the expres- 
R sion used to describe this phenomenon. This 

is the method originally used by Marconi and 

Aan was the method of transmission in common use 


until about 1920 or 1922. 
286. Charge and Discharge of a Condenser through an Inductance. 
In a circuit containing a condenser, inductance and resistance, 
as in Figure 1 the equation for discharge is 


Ldi/dt+Ri+dq/C=0 


or 
Lai/dt+Ri+1/C J idt =0 


which becomes 
Ld?i/dt?+ Rdi/dt+1/Ci=0. 


For charge we have the same equation except the equation is 
equal to £, instead of zero. 

When the resistance is small the solution of both of these equa- 
tions can be put into the form 


I=I[)E~ sin ot. 


Where J is the current at time, ¢; J, is the current at the time t=0; 
a=R/2L,andw=2rn. The frequency, 
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When the resistance, R, can be considered to be small or zero 
compared with 4Z, then »=(1/2r\/LC). This value of the 
frequency is the same as that obtained when we have undamped 
oscillations from a high frequency generator such as a tube gen- 
erator. see Chapter XIV. 

This current can be represented by a sine curve in which the 
amplitude gradually diminishes exponentially. Figure 8, Chapter 
XX, is such a form. A curve of this kind is known as a damped 
sine wave. 


To c L 
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287. Methods of Showing the Oscillations. Professor Henry, of 
Princeton University in 1840, proved that the discharge of a 
Leyden jar is oscillatory. The oscillations can be shown by dis- 
charging the circuit through an oscillograph. The common method 


FIGURE 3. 


is to include an open spark gap in the circuit and to observe the 
spark by looking at the image of the spark in a rotating mirror. 
The rotating mirror stretches the spark out in the horizontal 
direction. 

A better method is to include in the circuit a spark gap made of 
two small rods placed so as to make an open J, the rods being not 
quite parallel. The ends of the rods should be about five millimeters 
apart. Against the small end of the V, direct an air blast from a 
small tube. The set-up is illustrated in Figure 2. The initial dis- 
charge takes place across the shortest path. The air is ionized and 
driven toward the wider portion of the V. The subsequent oscilla- 
tions take place through the path of least resistance, or through the 
ionizedair. Figure 3isa photograph of a spark taken by that method. 
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288. Frequency of Spark and Frequency of Oscillation Different. 
It may be well to call attention to the fact that the frequency of 
the oscillation is not the frequency of the spark. The frequency is 
the frequency of the circuit which depends upon the value of the 
capacity of the condenser and the inductance of the coil. The 
frequency is of the order of one or ten hundred thousand per 
second. The frequency 
is, as a general thing, 


\ 
ico sec Tooo000 IeC 


=e above the audible fre- 

quency of the human ear. 

a Each spark in the spark 

gap gives a “‘bunch” of 

at PRIMARY CIRCUIT 100 Sparks per Sec perhaps one hundred 


waves at the frequency 
of perhaps a million per 
second. If there are one 


ane er eee hundred sparks per sec- 

aes Sec miooaomoes 100 Oscillations : : : 

. ond, the circuit oscillates 
AERIAL CIRCUIT 


FicureE 4. 


during one ten thou- 
andth of a second and 
then is quiet for 99/10000 
of a second waiting for the next spark. The circuit is then actually 
oscillating during 1% of the time. This is illustrated in Figure 4. 
Of course, it is impossible to represent the relative intervals in 
true proportion in the figure. 

289. Early Transmitters. The original method of 
using damped wave transmission was to insert a spark 
gap in the down lead of the aerial, Figure 5, the capacity 
of the circuit being the capacity of the aerial and the 
inductance of the circuit being the inductance of the 
down lead plus the inductance of the “loading”’ coil, 
if any. The spark gap was connected to a Ruhmkorff = 
coil, or to a high potential transformer. 

290. Damping Proportional to Resistance. In the 
equation, /=/,e~*' sin wt, a is the damping coefficient. 
The greater a, the faster the current dies down to zero. 
Remembering that a=R/2L, we see that the greater 
the resistance, R, in the circuit the faster the current 
dies down. In the aerial circuit the resistance is the resistance of 


Ficure 5. 
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the aerial, the ground, and the resistance of the spark gap. The 
spark gap resistance is always large and the damping factor is very 
great. The oscillations in the circuit are very much like the curve 
in the Figure 9d, Chapter XX. The oscillations consist principally 
of the first oscillation. If any energy is to be transmitted, most of 
it must be in the first oscillation. 

291. Pendulum Analogy. If we wish to make a pendulum vi- 
brate, we might do it in one of two ways. We might tap it lightly 
with a lead pencil, timing the taps to the natural frequency of the 
pendulum, or we might hit it a sharp blow with a hammer. A 
second pendulum of different length would respond feebly to the 
taps of the lead pencil if they were applied with the original fre- 
quency, while the sledge hammer blow would cause the same effect 
in both pendulums. 

If most of the energy which is transmitted by the ether is in 
the first oscillation of the transmitter and in the first wave of the 
ether, all aerials are disturbed 
about the same. If the large 
decrement transmitting sta- 
tion can be received by the 
receiving station there is no 
way to stop receiving energy 
from the hammer-like trans- 
mitter. Tuning or changing the 
natural period of vibration of 
the receiver does little good. 

292, Oscillation Transform- 
er. This lack of tuning led 
to coupled circuits using the 
oscillation transformer, the 
O.T., as abbreviated. The 
oscillation transformer con- 
sists of two coils with a few 
turns of heavy wire or cop- 
per ribbon, and is so ar- Figure 6. Oscillation Transformer. 
ranged that the position of the The coupling is changed by slipping the 

: : secondary endwise. 
coils can be moved with re- 
spect to each other. One coil, the primary, is connected to 
the transmitting condenser and the other coil, the secondary, is 


— =) 
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connected to the aerial and the ground. Figure 6 is an oscillation 
transformer. A spark gap is placed in the primary circuit. An 
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Ficure 7. Fundamental Circuit of Spark Transmitter. 
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induction coil or high potential transformer is used to charge the 
glass plate oil condenser or Leyden jar. When the potential of the 
condenser is raised to a certain potential, a spark passes across 
the gap discharging the condenser through the coil. Both primary 
and secondary are tuned to the desired wave length by changing 
the inductance of the coil by 
varying the number of turns. 
Figure 7 is a diagram of a 
spark transmitter. Figure 8 
shows a giass plate transmit- 
ting condenser. 

The energy is first stored in 
the condenser and then upon 
discharge the energy is in the 
oscillating primary circuit. 
Since the secondary is in- 
ductively coupled to the pri- 
mary, the secondary absorbs 
the energy and an oscillating 
' Frcure 8. Glass Plate Transmitting current is set up in the aerial 

Condenser. which is connected in the sec- 


On 
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ondary circuit. The current in the aerial sets up electromagnetic 
waves and part of the energy is radiated into space. This last 
energy is the useful energy which transmits the signal. 

The above is illustrated in Figure 18, Chapter XV, where we 
have an aerial radiating damped waves, which are represented by 
a sine curve extending from the transmitting aerial to the receiving 
aerial. The waves induce an E.M.F. in the receiving aerial, and 
radio frequency current is caused to run up and down the aerial. 
This current induces an E.M.F. into the receiver which is coupled 
to the aerial. The secondary current is amplified by tuning and 
is detected by the receiving tube. This detection causes intelligible 
sounds in the telephone. The primary circuit has the large resis- 
tance of the spark gap and is soon rendered nonconducting and 
need not be considered. The energy has been transferred to the 
aerial which has small resistance and will oscillate a large number 
of times before the energy is all dissipated. Thus, we have a long 
train of waves to which the receiving aerial can be tuned exactly 
while any other receiver can be tuned to a wave of different 
frequency and will thus be unable to pick up this station. The 
station can be “‘tuned out”’ by the receiver, since the transmitter 
gives out a long train of waves. 

293. Coupled Pendulum. As an aid in understanding what takes 
place, let us set up a coupled pendulum, Figure 9. The pendulum 
can be made very simply with four 
balls tied to the ends of cords. Support Pane aa em 
a horizontal rod or bar about two feet aie | 
long. Under this bar support a light i | 
| 
| 


wooden piece about fifteen or twenty 

inches long, with strings about two 

inches in length. To this light strip 4 
fasten the four pendulums. Arrange 

so that the length of the strings can be Ficure 9. 
adjusted. Having two of these pendu- 

lums mounted so as to have the same length, start one of these 
to vibrating. If they have the same period, the second pendulum 
of the same length will begin to vibrate with increasing amplitude. 
The amplitude of the first will rapidly decrease until the vibration 
ceases. Then the second one is vibrating and has practically all 
the energy. The other two will spasmodically start to move, 
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hesitate and quit. They are so tuned that the vibration of the first 
can not be picked up. Hold the first, and the second will vibrate 
for a long time. If the first pendulum is not removed when it has 
given up its energy to the second, it will reabsorb the energy from 
the second pendulum. This periodic exchange will keep up until 
both cease vibrating. 

This exchange is what takes place in the coupled electric oscil- 
lators. First all the energy is in the primary. This is absorbed by 
the secondary, reabsorbed by the primary, and again absorbed by 
the secondary. 

294. Change of Phase. Figure 20, Chapter XV, shows the 
alternate change of amplitude in the two pendulums, or the change 
of current in the two circuits. 

If one pays close attention to the two pendulums he will notice 
that they do not vibrate together. They at first seem to be 
moving in opposite directions. On closer observation they will 
be seen to be neither exactly opposite in phase or exactly in phase. 
The second lags behind the first, while absorbing motion, and the 
the first lags behind the second while it is absorbing from No. 2. 

If No. 1 lags be- 
oe hind No. 2 one 


a 


:: quarter of a vibra- 
tion while No. 1 is 
absorbing from No. 
2, and them it Non 
lags behind No. 1 
while No. 2 is ab- 
sorbing from No. 1, 
then the two sets of 
vibrations of pen- 
dulum No. 2 are in 
opposite phase. 
What is the effect 
on a distant receiv- 
; ing aerial? The 
ee current begins to 
Ficure 10. Synchronous Rotary Spark Gap. build up due to the 
first waves from 
the transmitter; in a short time the waves die out and then build 
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up in opposite phase and oppose the current that is flowing in 
the receiving aerial. 

This, together with other 
coupling effects, makes the 
wave very broad, very ineff- 
cient and hard to tune out. 

One remedy for this change 
of phase is to use looser coup- 
ling, move the coils farther 
apart, and the other remedy is 
to use a better spark gap. 

295. Rotary Gap. The ro- 
tary gap is one which has one Ficure 11. Multiple Quenched 
of the terminals mounted on Spark Gap. 

a wheel. When the two ter- 

minals are close together the spark starts and before there is time 
for the primary to absorb energy again from the secondary the 
moving terminal is so far removed the resistance is infinite so that 


Coding Pislix abcut 64 clam 


the primary does not reabsorb 
the energy Figure 10 shows a 
rotary gap. 

296. Quenched Gap. ‘The 
quenched gap is one made of a 
large number of short gaps in 
series between metal plates. 
ee Kas There is so much cooling surface 

SZ that the vapors cool off very 

rapidly and lose their conduc- 

Ficure 12. tivity, and the resistance of the 

primary becomes so large that 

the absorbed currents do not build up. Figure 11 shows a picture 
of a quenched gap. Figure 12 shows a section of the gap. 

As an illustration using the pendulums: if after the first pendu- 
lum has given up its energy to the primary we hold it or remove it, 
the second pendulum will continue to vibrate until it runs down as 
an ordinary pendulum should do. This illustrates a quenched gap. 
Before the primary can reabsorb from the secondary the gap has 
cooled and become nonconducting. 
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297. Buzzer Excitation. The buzzer when used with a wave 
meter is a simple spark or damped wave transmitter. The buzzer 
closes the circuit, the current from the battery flows through the 
coil and the condenser is charged up, the potential being a fraction 
of a volt. When the buzzer opens the circuit the condenser dis- 


FicureE 13. Complete Ship Installation, 13 Kw (About 1920) (Radio 
Communication Co., Ltd.) 


charges through the coil and the frequency of the oscillation is that 
of the circuit, n=1/(2r/LC). 

298. Damped Wave Station. A damped wave station consists 
of a high potential condenser connected in series with the primary 
of an oscillation transformer and a spark gap. The condenser is 
connected to a high potential 60 cycle transformer when a rotary 
or quenched gap is used or to a 500 cycle high potential transformer 
when the gap is made synchronous. The secondary of the oscilla- 
tion transformer is connected to the aerial. The diagram of the 
connections is given in Figure 7. Figure 13 is a reproduction of 
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a photograph of the inside of a ship’s wireless cabin containing a 
spark transmitter. Figure 14 is a 20 Kw 500 cycle spark transmit- 
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ter, Type 8, of the Radio Marine Corporation of America.” Most of 
these have been converted into tube sets—the ET3628 set. 


CHAPTER XxX1T 
LONG WAVE C.W. TRANSMITTERS 


299. The Arc Transmitter. The Poulsen arc is a means of gen- 
erating continuous waves, or rather alternating current of constant 
amplitude. The general action of the arc generator can be illus- 
trated by the Duddell singing arc. If an ordinary arclamp 

operated on a 110 


volt D.C. line has 
aah ST OF DC a condenser and an 
“a z ARC * inductance connected 


Ries around it as in Fig- 
ure 1, there will be 
an audible note 
heard from the arc, 
provided the values 
of the inductance and capacity are right and the carbons are hard 
carbons. For details see Experiment 115, ‘‘Experimental Radio.”’ 
The Poulsen arc works on the same principle as the Duddell arc, 
but due to the construction it is much more efficient. 

The action of both these arcs de- 
pends on the fact that when the 
current in an arc increases, the po- 
tential across the arc diminishes. 
On account of this fact it is neces- 
sary to have a resistance in series 
with an arc lamp. The heavy line 
in Figure 2 gives the relation be- 
tween the potential across the arc 
and current. 

300. Negative Resistance. The 
tangent to this line has a negative FIGURE 2. 
slope. On account of this negative 
slope the arc is said to have a negative resistance. It will be noted 
that in order to have a negative resistance we must define the re- 
sistance as follows: R=dE/dI instead of by the equation, R= E/T, 


248 


Ficure 1. 
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It will be seen that both the current and E.M.F. have positive 
values. The broken curve in Figure 2 represents the relation 
between £ and J ina carbon filament lamp. In the carbon filament 
the resistance decreases as the temperature increases, but the 
resistance is positive for all values of £ and J, whether defined by 
R=E/I,-or by R=dE/dl. 

JOL. Action of the Oscillating Arc. In Figure 1 if we have a cur- 
rent flowing in the arc the condenser will be charged to a certain 
potential. icine 
current through the 
arc increases acci- 
dentally, then the 
condenser will dis- 
charge and increase 
eWercunrent. el his im 
turn lowers the po- 
tential and hastens 
the discharge of the 
condenser. The cur- 
rent from the con- 
denser flows through FicurE 3 
the inductance and 


Oscillatory Circuit 


the effect of an inductance is to tend to keep the current flowing 
in the same direction after the condenser is completely discharged 
and thus the potential of the condenser becomes negative. When 
the current through the coil becomes zero, the current through 
the arc diminishes, the potential across the arc rises and the con- 
denser is charged by a current flowing through the coil in the 
opposite direction. Then the operations are repeated and we 
have an alternating current flowing through the coil and con- 
denser. The frequency of this current will be the natural frequency 
onthe circuit LC. 

302. Poulsen Arc. The Poulsen arc uses copper and carbon 
terminals burning in an atmosphere of inert gas. The positive 
copper terminal is water cooled and the negative carbon terminal 
is rotated slowly in order to prevent pitting and uneven burning. 
To make the arc more unstable a magnetic field is placed at right 
angles to the arc. This tends to “‘blow the arc out.” The inert gas 
atmosphere is supplied by alcohol dripping into the arc chamber. 
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The water cooled terminal, atmosphere of hydrogen, and the 
magnetic blow out makes the current through the arc drop to zero 
values, thus increasing the efficiency of the arc as a generator of 
high frequency current. Figure 3 is a diagrammatic drawing of 
the arc and circuit. Figure 4 is the Federal arc transmitter in- 
stalled at Annapolis. 3 


ee 


Ficure 4. 500 kilowatt arc transmitter installed at Annapolis Md., by the 
Federal Telegraph Company. 


303, Signaling. The arc is rather sluggish in starting to oscillate, 
so it is not feasible to key by opening and closing the power circuit. 
The arc must be allowed to operate all the time. There are two gen- 
eral methods of operation in use, the compensation method, and 
the uni-wave method. In the compensation method a turn or two 
of the coil of the inductance is shorted, thus changing the frequency 
of the oscillation. 

This changes the tone or the frequency of the beat note as 
heard at the receiver using the heterodyne method of reception. 
A “chopper” can be placed in this short circuited circuit making 
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it possible to receive signals with a crystal receiver when the key 
is closed. Figure 5 gives the simple diagram. 
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FIGuRE 5 


The uni-wave method consists of a dummy circuit with the 
same constants as the aerial circuit and a key which throws the 
connections from the dummy circuit to the aerial circuit. Thus 


the waves are sent out only 
when the key is closed. Figure 
6 gives the diagrammatic cir- 
cuit. 

Arc transmitters are used 
in trans-Atlantic service and 
on larger ships which use 
relatively long waves. The 
shorter wave installations are 
being replaced by tube sta- 
tions. 

304. Alternators. Several 
attempts have been made to 
make a high frequency alter- 
nator. One of the first was to 


FIGURE 6. 


have a number of damped wave circuits, six, perhaps. All of these 
circuits were connected inductively to the same secondary circuit. 
By timing a rotary spark gap the various circuits were discharged 
in rotation and so synchronized that one of the circuits was acting 
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inductively on the secondary circuit all the time. When these were 
synchronized properly the effects in the secondary were all in 
phase and produced a current of constant amplitude. The most 
successful alternator is the Alexanderson alternator. 

305. Alexanderson Alternator. The Alexanderson alternator for 
generation of high frequency current, consists of stationary arma- 
ture windings about laminated pole pieces. These magnets re- 
semble horse shoe magnets in that the north and south poles are 
separated by a small gap. The polarity and strength of these 
magnets remain fixed except that the reluctance of the magnetic 
circuit is varied by means of a high speed rotor which rotates 
between the pole pieces with small clearance. Around the peri- 


Stator (ron) 


7 tamd. Pole Pieces 
Slots in Rotor 


Sator 


— Rotor 
(Solid Chrome 
= Nickel Steel) 


FIGURE 7. 


phery or outer edge of this rotor, slots are cut into the steel and 
these slots are filled with a non-magnetic material. As the rotor 
rotates, the field has a maximum value when steel is between the 
poles and a minimum value when the non-magnetic material is 
between the poles. One cycle is represented by the time of travel 
of the rotor a distance represented by the distance from the center 
of a slot to the center of the next slot. Figure 7 shows a section 
of the field and rotor. A cut-away view looking along the shaft, 
showing windings, is also shown. If one knows the number of 
poles and the speed of revolution the frequency can be obtained. 

The rotor has the peculiar shape, shown in Figure 7, in order 
to stand the mechanical forces produced by the high speed of 
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Ficure 8. A 200-Killowatt Radio-frequency alternator. Installed at the Rocky 
Point station and used for trans-Atlantic radio-telegraphy. 


revolution. The radial force produced on an ounce of the outer 
part of the rotor is calculated to be repre- 
sented by tons. Figure 8 shows a picture 
of a 200 kilowatt Alexanderson alternator. 
The speed regulation is held automatically 
to within one-tenth of one per cent. One of 
the high frequency coils is tuned to a fre- 
quency slightly higher than the normal == 
speed of the machine. This current passes 
through a transformer. In the secondary 


of this there is a rectifier. When the speed nf Modu- 
of the machine increases the rectified direct lator 
current increases. This increasing current 

acts on two variable impedances in the A.C. —— a 
supply line. The increased direct current 

increases the impedance causing the motor FIGURE 9. 


to slow down. The energy of the alternator 
is fed into a multiple tuned aerial. Figure 6, Chapter XVIII. 
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This speed control acts on the same general principle as the 
magnetic modulator. 

306. Magnetic Modulator. This depends upon the fact that 
the inductance of an iron core coil depends upon the permeability 
of the core. The permeability of iron depends on the field, H, 
and the field depends upon the current. By placing a coil around 
the core of an A.C. magnet through which a D.C. flows, the 
permeability can be changed and thus the inductance of the coil 
in the A.C. circuit is changed. 


Ficure 10. Central Operating room at 66 Broad St., New York City, of the 
R. C, A. Communications, Inc. 


By means of this magnetic amplifier the power fed to the aerial 
is controlled. The aerial is connected to the alternator through a 
tuned circuit. Part of the inductance of this circuit is a coil on the 
magnetic amplifier, Figure 9. The D.C. through the coil tunes or 
detunes this circuit by changing the permeability of the iron core. 

For details, see General Electric Review, Vol. 23, 1920. 

Figure 10 is a picture of the operating room of the R. C. A. 
Communication Inc., where messages are received from and 
transmitted to all parts of the world. 


CHAPTER XXIII 


VACUUM TUBE TRANSMITTERS 


307. Introduction. The most popular transmitter in use today is 
the tube transmitter. During the past five years most of the ship 
spark stations have been transformed into tube transmitters. 


Ing Chapter™ <1V,) Vacuum) “Tube 
Oscillators, it was pointed out that 
when a tube was connected in certain 
ways it would become a generator of 
alternating current, the frequency of 
which depended upon the capacity 
and inductance in the circuit. 

308. Simple Transmitters. An aerial 
has capacity and inductance and is 
usually connected to a loading coil. 
Thus the tube can be connected to the 
aerial in such a manner as to oscillate. 
Figure 1 is a diagram of a tube con- 


| 


FIGURE 1. 


nected to an aerial. It will be seen that if we think of the flat 
top and ground being the plates of the condenser we will have the 


4 


FIGURE 2, 


Hartley shunt circuit which was dia- 
grammed in Figure 8, IV, Chapter XIV. 
The coil, ZL, is the inductance and the 
aerial is the capacity. A grid condenser 
is placed in the grid, or C circuit. This, in 
conjunction with the grid leak resistance, 
R, can be adjusted to give the proper C 
battery bias, making a C battery unneces- 
sary. 

Figure 2 is another circuit which by 
reference to Figure 8, XI, Chapter XIV, 
can be seen to bea Colpitts circuit, or split 


capacity circuit, as it is sometimes called. By referring to Figure 
8,-X, and following the letters a, 5, c, it is seen that the ground 
connection is a point between two condensers, or the point, a. 
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The plate, 6, connection, and the grid, c, connection will be seen to 


be the same in both figures. All the early stations, telegraph and 
broadcast, were 


of these types in 
1921-22-23. 
ine waive 
Loading Coil length of these 


3 stations depends 
Tuning Inductor 


we | upon the con- 
stants ores hie 
L aerial and these 
may change due 

to swaying in the 


wind and other 
causes. Thus 
the wave length 
Swings errati- 
cally from one 


Ce ey value to another, 
Key when using this 


circuit. To rem- 


ra 
TNIFUIZN 
aN 


Ficure 3. edy this varia- 
tion, «coupled 
x, 
transmitters were introduced. y 


309. Coupled Circuits. The better tube stations began coupling 
the aerial to the transmitter by inductive coupling. The tube was 
connected to an oscillating circuit and this was coupled inductively 
to the aerial coupling coil. 

In commercial apparatus the oscillating circuit connected with 
the tube is called the tank circuit and the coil is spoken of as the 
tank inductance. 

310. Marine Transmitters. Figure 3 is a simple diagram of the 
circuit of a marine transmitter of the Radio Marine Corporation 
of America, Model ET-3628 ACW tube transmitter. This trans- 
mitter is a P-8 spark transmitter converted into a tube trans- 
mitter. The circuit will be seen to be a Colpitts circuit. The tubes 
are UV 204, 250 watt tubes. Two tubes are used with self-rectified 
alternating current on the plates of the tubes. The high potential 
transformer has a mid-tap which connects to the filament circuit. 
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The plate of one tube is at a high positive potential, while the 
plate of the other tube is at a negative potential and therefore this 
second tube takes no current. First, tube No. 1, then tube No. 2 
is generating current, Figure 4. This radio frequency current drops 
to zero twice in each cycle of the alternating current. The filament 
and plate currents are supplied by transformers which are con- 
nected to a 500 cycle A.C. generator which is driven by a D.C. 
motor. The key is in the low or generator side of the transformer. 
Thus the signals are made by interrupting the energy of the plate 
transformer. 
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FicureE 4. 


The signals can be received from this transmitter by a crystal 
receiver, if necessary, since the transmitter is a modulated 
continuous transmitter. By means of switches this set can be 
adjusted quickly to any one of the following wave lengths: 600, 
706, 750, 800, and 900 meters. 

Figure 5 is the assembled set. Compare with Figure 14, Chapter 
X XI of the P-8 spark transmitter. 

311. Master Oscillator Circuits. When the antenna is coupled 
to the oscillating circuit there is some induced effect from the 
aerial to the main oscillating circuit unless the coupling is very 
loose. This induced effect tends to make the wave length rather 
unsteady. It has been found that it is much better to have a single 
tube as a master oscillator, accordingly the tubes which feed the 
aerial are connected to the master oscillator so that in reality we 
have a radio frequency amplifier. The master oscillator sets the 
frequency and the current of this frequency is amplified by the 
other tubes and fed to the aerial. 

In some circuits a very small tube is used as the master oscillator 
and a number of stages of amplification is placed between this and 
the last power tube. 

Figure 6 shows a modified diagram of the circuit of the ET 3526 
marine set. Two 50-watt tubes are used as master oscillators, and 
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six 50 watt tubes in parallel are used as the power tubes. The 
master oscillator tubes are connected in a Hartley circuit to the 
power circuit. Plate potential, 1000 volts, is fed to the plates 
through a choke coil. The grids of the tubes are connected to a 
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Ficure 5. P-8 Converted Tube Transmitter type ET 3628. This is a tube 
transmitter made from a spark transmitter. 


point G, on a resistance connected to the negative terminal of 
the generator. The chokes isolate the plates and the grids from 
the D.C. machine as far as radio frequency is concerned. A 
resistance in the grid circuit gives the proper grid bias when 
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FIGURE 6. 


operating. The power tubes are fed plate current through a coil 
which inductively connects with the aerial circuit. The radio 


frequency from these 
plates passes from the 
plates through the 
coupling coil to plus 
terminal of the genera- 
tor through a blocking 
condenser to the nega- 
tive terminal and then 
through the ground 
connection to the fila- 
ments of the tubes. 
The filaments of all 
tubes are at ground 
potential, the grids 
are connected to- 
gether through a con- 
denser and the plates 
of the master oscil- 
lators are isolated 
from the plates of the 
power tubes. The 
current in the plate 
circuit of the power 


Figure 7. Two 50 watt tubes and a 1000 watt 
tube which can be used as ocillators. 


tubes is controlled by the potential of the grids of the tubes 
which must follow the potential of the grids of the master oscillator 


260 Tue FUNDAMENTALS OF RADIO 


tubes. Thus, the plate current of the power tubes is oscillatory. 
When the key is closed the point G is at the same potential as the 
negative terminal of the generator, which means that the grids have 
the proper negative bias with respect to the filament in order to os- 
cillate. With the key open the tubes cease to oscillate because the 
potential of the grids are too much negative and the plate current 
of all tubes becomes small. Figure 7 is a picture of power tubes. 

312. Short Waves. Before 1921 it was thought that in order to 
transmit any distance it was necessary to use long waves. Trans- 
Atlantic stations were using wave lengths in the thousands of 
meters; 200 meters or lower were turned over to the amateurs as 
worthless. In 1921 the amateurs attempted to transmit across 
the Atlantic, using their 200 meter equipment. The first attempt, 
in February, was not successful, but the second, in December, 
was received by many European amateurs, as well as by a repre- 
sentative of The American Radio Relay League who was sent 
to Scotland for the purpose. Many stations on the coast were 
heard in Europe, as well as several nearly 1000 miles inland. Many 
of these stations were amateur spark stations limited to 1 K.W. 
power. 

In 1923, two-way communication was established on 100 meters. 
By 1924 many amateurs, as well as the U. S. Navy, had become 
interested in short wave transmission. At the present time amateur 
transmitters are licensed for 97 centimeters, 5, 20, 40, 80, 150 to 
200 meters. In the list of Commercial Stations of the U.S. are 
stations licensed for waves as low as 5 meters. 

313. Skip Distance. Soon after work on the short waves was 
undertaken it became apparent that short waves did not act like 
long waves in many respects. A station could be heard for a short 
distance—50 miles perhaps—and then at 800 or 1000 miles it 
could be heard again. The 800 miles was called the skip distance. 
From 800 miles the intensity falls off gradually to about 4000 miles 
by day. At night the skip distance may be 4000 miles, and then 
the intensity of signals will gradually fall off. The exact distance 
depends on the time of day and year. 

This has been explained by assuming that some of the energy 
follows the surface of the earth and gradually is dissipated by 
absorption of the atmosphere due to ionization and other effects. 
Perhaps it may be said that the atmosphere near the earth’s 
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surface is a poor dielectric. Some of the radiation passes in a 
straight line, perhaps, upward, making an angle with the earth’s 
surface into the upper atmosphere where the absorption is not so 
great and then strikes the Heaviside layer and is reflected down- 
ward to the earth again thousands of miles from the place of start- 
ing. This reflection can be explained if we remember that a con- 
ductor is a reflector 
of electromagnetic 
waves and that the 
conductivity of a gas 
increases as it is rare- 
fied. Some place in the 
upper atmosphere the 
pressure of the air is 
the same as that in a 
tube which has been 
evacuated to the pres- 
sure of best conduc- 
tion. Another method 
is to assume that the 
rays bend more or less Ficure 8, 

gradually in the upper 

atmosphere and finally return to the earth much as the light does 
in warm air when a mirage is formed. 

Figure 8 is a diagram of what is supposed to happen. Thus 
in long distance work with short waves the signal is shot upward 
at a certain angle and then bounced down again onto the receiving 
station. 

The Heaviside layer is at an indefinite height and usually is 
changing from one altitude to another. The motions of the at- 
mosphere may at times make this surface very rough, something 
like the under side of a storm cloud. 

314. ShoriWave Antenna. We have said that an antenna might be 
a Marconi antenna—one whose fundamental wave length is about 
four times the height of the antenna, or it might be a Hertzian 
antenna—one not connected to the ground and whose length 
is one-half the fundamental wave length. The Marconi type, like 
a closed organ pipe, can vibrate so its length is 1/4, 3/4, 5/4, and 
any odd fourths of a wave length. The Hertzian is like an open 
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organ pipe in that its length is 1/2, 2/2, 3/2, etc. wave length. 
These vibrations are represented in Figures 3 and 4, Chapter 
XVIII. 

It will be seen that when an aerial is vibrating in parts or to an 
overtone of the fundamental that the wave radiated from one 
part of the aerial will be out of phase with that from another part 
of the aerial. There will be interference patterns something like 
the interference pattern about a tuning fork. For best results 
the aerial, whether Marconi or Hertzian, must respond to the 
fundamental. Another theory of the cause of skip distance is to 
suppose that the useful energy is that radiated at a rather low angle 
and then reflected to a distant point while the high angle, Figure 8, 
radiation passes upward and out into space. At a point near the 
surface of the earth when using low angle radiation, the radiations 
from the various sections, loops, interfere with each other, leaving 
most of the energy radiated upwards into space beyond the Heavi- 
side layer. Just why the radiation penetrates the Heaviside layer 
at perpendicular incidence is not clear. 

315. Feeder Wires. The effects mentioned in the last paragraph 
make it imperative that we use the fundamental frequency of the 
aerial, or rather that we construct an aerial which will have a 
fundamental frequency equal to the frequency of the set. For 
short waves, 5 meters, say, the aerial becomes rather short and this 
must be coupled to the set, placing the aerial inside the building, 

unless we hang the 
set on a pole and 
operate it by remote 
a 
\ ( 
a Current Feed 


a 


~ 


control. The neces- 
sity of power lines to 
the set on the pole 
complicates this last 
arrangement. To 
transmit the energy 
FicurE 9, from set to aerial 
feeder wires are used. 
There are two general types, current feed and voltage feed. 
Figure 9 shows two current feed systems. P is the primary or 
tank coil of the oscillator and S is a coil inserted in the middle 
of the Hertzian aerial. 
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Figure 9b is a voltage feed. A single wire is connected to a 
voltage loop, or point of great change of potential, of the oscillator 


to a loop of the antenna. A choke coil can 
be inserted to choke out the higher har- 
monics. This method is objectionable since 
the set and aerial are conductively coupled 
and the feed wire radiates, as well as the 
aerial. 

A feed system called the Zeppelin An- 
tenna is, perhaps, the most satisfactory. 
Figure 10 illustrates the principle. P is 
the transmitter coil and S is a turn or two 
of wire. If to one side of S a wire, whose 
length is 1/4 wave, is connected and to 
the other a wire, whose length is 3/4 wave, 
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Low Poten- 
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Ficure 10. 


and these wires are placed in parallel, the space between being a few 

centimeters, the radiation from the parallel wires will annul each 

other and we have a wire whose length is 1/2 wave free to radiate 

at the end. This, then, is in reality a simple Hertzian antenna 
removed from the set. 


to a simple 


Se 
Sprea 


FicureE 11. ments. 


The short wire may be an odd 
quarter wave long and the long wire 
a half wave length longer, and we 
have a Leecher wire system leading 
Hertzian antenna. 
Figure 11 shows the general con- 
struction. It is best to make the 
feed wires no longer than necessary. 

316. Reflection of Short Waves. 
Short waves, due to the fact that 
- they are short, or rather due to the 
ers fact that the antennae are short, 
lend themselves to reflection experi- 


In Figure 12 suppose we have a 


Hertzian antenna, A, coupled to an oscillator. 


At a convenient 


distance we have a large sheet of copper whose thickness is such 
that the resistance can be neglected. The electromagnetic field 
at R, from the aerial A, will set up currents in the conductor. 
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According to Lenz’s law, the effect is in the direction to oppose the 
cause, and the current in R will be of right value and direction to 
produce a field just 
equal and opposite to 
the field from the aerial 
A ai Rie Dac nOlehe 
then, there will be two 
equal and opposite 
Ficure 12. fields traveling at the 

same velocity in the 

same direction. The resultant field will be zero. In front of R 
there will be an equal and opposite field traveling in the opposite 
direction, or toward A. If the space between A and R is the proper 
length, an odd quarter of waves, there will be stationary waves 
set up with A as a point of great disturbance, or an antinode, and 
with B asa node, or a point of no disturbance. At an antinode the 
transmitted and reflected waves are always in the same phase so 
that if the distance is a quarter or odd quarter, the wave from the 


reflector which is traveling toward the left in the figure will be 
in phase with the wave from the transmitter which passes out 
on the left side of A. 

If instead of a large sheet of metal at R a copper 
or brass rod whose length is such as to respond to 
the wave, or a rod whose length is 1/2 wave long, is 
placed at R, we will have the same effect, and the 
field in front of A will be found to be much in- 
creased. If other rods are placed on either side of the 
first rod, R, Figure 13, and so placed that the com- 
bined distance from A to R and to a plane perpen- 
dicular to the line joining A and Ris equal toahalf —- Ficure 13. 
wave, we will have a semi-parabolic reflector. It 
is parabolic with respect to the horizontal plane but not with re- 
spect to a vertical plane. Thus we have a reflector which will 
throw a beam of radiation in one direction. 


Reflectors have been made which have met with some success 
for long distance transmission. The reflector can be set at the right 
angle to transmit the wave to the Heaviside layer so as to reflect 
down on the receiving station in another continent. 
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Figure 14 is a picture of a modern amateur transmitting set 
for the 3500 kilocycle band. This set is operated by remote 


i 


Ficure 14. A Modern Amateur Transmitting Set. Courtesy Q 5 T. 


control. Figure 15 is a schematic diagram of the connections 
of the set illustrated above. Figure 16 is a variable transmitting 
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Ficure 15. Schematic Transmitter and Plate Supply Diagram of 
the set show in Figure 14. 


317. Transmitting Tubes. Transmitting tubes are, in general, 
the same in construction as the small tubes. With high potential 
on the plate special precautions must be taken to insulate the plate 
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from the rest of the tube. In the larger tubes the plate, and often 
the grid connection, is led through the tube at a point far removed 


FicureE 16. 


from the filament. For 
short wave work special 
precautions must be taken 
to keep the inter electrode 
capacity of the tube low. 
Screen grid transmitting 
tubes have been developed 
in order to minimize the 
capacity effects in tubes. 
The preceding table gives 
transmitting data for a 
number of tubes. The 
various methods of num- 
bering tubes is perplexing 
and it is almost impossible 
to give all the numbers. 
318. Crystal Control. Os- 
cillating Crystals. Certain 
crystals are known as piezo- 
electric crystals. Quartz 
is one of the piezo-electric 


crystals. These crystals have the property of developing electric 


charges on their surfaces when put under ten- 
sion or pressure. This effect is best shown when 
the crystal is cut into plates or rods whose geomet- 
rical outlines coincide with certain axes of the 
crystal. 

Figure 17 is a diagram of a hexagonal crystal 
of quartz. The line AB represents the optical 
axis of the crystal. This is the line in which there 
is no double refraction. Along other directions 
light is doubly refracted. Directions parallel to 
the lines CF, DG, and Ed, are said to be along 
the electric axes. If a plate such as MN is cut 
perpendicular to the electric axis, EH, and con- 


FicureE 17. 


tains the optical axis, AB, parallel to the faces we have a plate 
suitable for an oscillating crystal. If the plate is placed under 
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pressure one face is found to be positively charged and the other is 
found to be negatively charged. If the crystal were placed under 
a tension perpendicular to the faces the charges on the surfaces 
would be of opposite kinds. If the faces are charged the crystal 
will be extended or compressed along the electric axis. 

The crystal can be thought of as being a coil spring. When this 
spring is compressed a positive charge is developed on one end and 
a negative charge appears at the other. If the spring is stretched 
the charges are reversed. On the other hand, if the ends are charged 
the spring is compressed or elongated, depending upon the charge. 

If the spring is compressed and suddenly released it will vibrate 
at a certain frequency depending on the constants of the spring. 
If an electric circuit is connected with the ends of the spring 
the vibrating spring and the changing charges will tend to make 
the circuit oscillate. If the natural frequency of the spring is the 
same as the natural frequency of the circuit the vibrations or 
electrical oscillations will be greater. If by some means some of the 
electrical energy in the electrical circuit is amplified so as to charge 
the ends, this charging effect will cause the spring to vibrate, and 
this will cause the electrical circuit to oscillate. 


FIGuRE 18. 


The quartz plate is such a spring. Figure 18 is a picture of quartz 
plates. The natural frequency of the plate depends upon the thick- 
ness of the plate and upon the elasticity of the quartz. The fre- 
quency of a brass rod when stroked with a resined piece of leather, 
depends upon the length of the brass rod and upon the elasticity 
of brass. 
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If the quartz plate is placed between two parallel plates or in 

a crystal holder, Figure 19, and connected to a vacuum tube as in 
Figure 20, oscillations will be set up due to the capacity coupling 
through the tube, when the frequency of the electrical circuit 
is the same as the natural vibration frequency of the quartz plate. 
It is found that this frequency is, to a certain extent, independent 
of the constants of the electrical circuit. If the circuit is oscillating 
and one has a second oscillating tube cir- 

BRADS cuit heterodyned with it, a certain note 


CRYS 
i will be heard in the phones of the second 


aoe oscillator. If the 
L joes i condenser of the aacavencr 
FicureE 19. crystal oscillator 


circuit is changed 
the frequency does not change but remains 
constant. When the capacity is changed 
too much the circuit ceases to oscillate. 
Thus the crystal controls the frequency. 
A crystal controlled circuit has a constant Ficur® 20. 
frequency, the frequency being that of the 
crystal which controls the frequency of the circuit. 


FIGURE 21. 
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It has been found that the frequency of the crystal depends upon 
temperature the same as the “velocity of sound in brass” depends 
upon the temperature of the brass. In order to insure constant 
frequency the crystal is placed in compartments which are auto- 
matically held to a certain temperature. Figures 19 and 20, 
Chapter XXIV, are diagrams of crystal controlled stations. 

319. Harmonic Vibrations. It is found that the crystal will 
resonate at certain harmonic vibrations—multiples of the funda- 
mental. Often instead of using a crystal at its fundamental fre- 
quency an overtone frequency is used. This is usually the case 
with short wave stations. The 
frequency is inversely propor- 
tional to the thickness. A crystal 
to resonate at a high fundamental 
frequency must be very thin and 
is therefore, liable to break. 

320. Frequency Doubler Cir- 
cuits. Often to get the frequency 
high enough a circuit is caused 
to vibrate at a fundamental fre- 
quency, and a second circuit is 
tuned to the overtone of this cir- 
cuit. This doubling may be re- 
peated several times. Thusif the 
fundamental frequency is con- 
ae ee poulcos oh this inc, FicureE 22. R. C. A. Transmitting 
quency will be constant. Tube. UX852. 

Figure 21 is a circuit in which 
frequency doubling is used. The doubling takes place twice. 
The first tube oscillates at 3500 kilocycles, the second at 7000 
kilocycles, and the third and the power tube oscillate at 14000 
kilocycles. It will be noted that the last, the power tube, is a 
screen grid tube. 

321. Ultra Sonic Vibrations. Ifa crystal is excited by an oscillat- 
ing current from a powerful amplifier it can be made to vibrate 
with a comparatively large amplitude. The vibrating quartz 
sets the air into vibrations and gives a very intense “‘sound” at a 
frequency which cannot be heard. Ii glass rods are set into vibra- 
tion by the crystals they “slide” in the hand at a frequency which 
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makes them feel hot. If heat is the kinetic energy of the molecule 
they are hot. The vibration is so fast that the frequency approaches 


Ficure 23. Type of transmitter used at W C C, Chatham, Mass. A marine 
radio coastal station owned and operated by the Radiomarine Corp. of America. 


molecular vibration. Figure 22 isa Radio Corporation of America 
tube built especially for short wave work. 


Figure 23 is the Transmitter at Chatham, Massachusetts. 


CHAPTER XXIV 
RADIO TELEPHONE 


322. Introduction. The radio telephone is a special case of modu- 
lated continuous waves, M.C.W. In Chapter IX, Detectors, it 
-has been pointed out that continuous waves, C.W., can not be 
detected unless they are “chopped” or modulated. We have 
said that damped waves can be considered to be modulated waves. 
Modulated waves are high frequency waves in which the intensity 
or amplitude of the waves changes periodically. The amplitude 
of the wave depends on the current amplitude. In alternating 
current we have the equation, Jvirt-=(Imax//2), showing the 
relation of the virtual current to the maximum value. The maxi- 
mum value, of course, is the amplitude of the current. The ampli- 
tude of 2 amperes A.C. is twice the amplitude of 1 ampere A.C. 
A modulated wave is one in which the radio frequency current 
fluctuates in value. It is usually assumed that the frequency of 
fluctuation is at audio frequency. In a radio telephone trans- 
mitter the current fluctuates in value at voice frequency. 

It must be remembered that ordinary thermal ammeters, 
cannot follow this fluctuation, but give average values of the 
current. 

323. Modulation. In the marine code transmitter, 3628, Figure 
3, Chapter XXIII, we have a case of modulation with 60 cycle 
current. This will give a note of 120 frequency, since both sides 
of the A.C. are rectified. This modulation is due to the fact that 
the potential of the plate of the oscillating tube changes. This is 
known as plate modulation and is the method which is usually 
used in the radio telephone. 

The methods of modulation in common use are plate modulation, 
grid modulation, and absorption modulation. These all use a 
carrier wave of constant frequency. Another method of modulation 
is known as frequency modulation. 

324. Absorption Modulation. Perhaps the most simple method 
of modulation, as far as apparatus is concerned, is absorption 
modulation. If we have an oscillating tube connected as in 


IS 
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Figure 1 or in any other manner so the tube will oscillate, and if 
it induces an oscillating current in the aerial circuit and if we place 
an ordinary carbon microphone in the aerial, the current in the 
aerial can be made to vary in amplitude in unison with the voice 
frequency. If one remembers the prin- 
ciple of the carbon microphone this 
will be readily understood. The micro- 
phone depends upon the fact that the 
resistance of carbon varies with pres- 
sure. When the pressure on the dia- 
phragm is increased by the air voice 
wave, the resistance of the microphone 
is diminished and the current is in- 
creased. When the pressure is dimin- 
ished the resistance is increased and 
the current is diminished. Thus we 
have the current varying with the 
voice frequency. 

This method can be demonstrated 
very easily. If one has a regenerative receiver and lets it oscillate, 
there will be a current in the aerial circuit. It is this current in the 
aerial which is the objectional feature of this type of receivers,— 
objectional from your neighbors’ standpoint. If an ordinary 
microphone is placed in the aerial it is possible to telephone by this 
method for a distance of a city block or two. 
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Ficure 1, 
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FIGuRE 2. 


Instead of placing the microphone in series with the aerial it 
can be connected to a coil which is coupled rather closely to the 
coil in the aerial. 

325. Diagram of Modulation. Modulated current or waves can 
be represented as in Figure 2. The amplitude of the carrier wave 
is represented by the line AC, This is the amplitude when the 
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microphone is not disturbed or when no one is speaking into the 
microphone. The zigzag lines represent the high frequency current 
or carrier wave. The distance EF represents a time interval of 
1/1000 second. If the wave length of the station is 300 meters or 
frequency of one million, there will be 1000 vibrations between 
E and F. It is impossible to draw the thousand vibrations in the 
diagram, so it must be remembered that one vibration on the 
diagram represents one thousand actual vibrations. If the micro- 
phone is actuated by some sound such as, a in “father,” the ampli- 
tude of the current in the aerial will vary in some such manner as 
that represented by the heavy line in the diagram. 

The distance from G to H represents 1/100 of a second. If one 
remembers that there is 1000 vibration between each zigzag 
line it can be seen that peaks 
will fit into all the small varia- 
tions or overtones of the voice 
frequency. If the wave length 
were 15000 meters the fre- 
quency would be 20000 cycles 
per second. In the diagram 
one zigzag line will represent 
only 20 vibrations and it will 
be seen that the higher over- 
tones will be lost. The quality 
of the tone of transmission can 
not be very good on long 
waves. This figure can repre- 
sent a voice modulated wave 
whether it is absorption, grid, 
or plate modulation which is 
used in the transmitter. That 
method of modulation is the best which will cause the amplitude 
of the high frequency current to vary in a manner which is the 
nearest to variation of the voice frequency. 

326. Magnetic Modulator. The magnetic modulator is a device 
which has been used in connection with Alexanderson alternators 
for radio telephone transmission. Figure 3 shows the principle. 
The theory of this modulator has been given in connection with 
the Alexanderson alternator. In Figure 3 the microphone is 
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connected to the grid of a tube. The plate current of this tube 
varies with the potential of the grid of the tube. This current varies 
the permeability of the core of the magnetic modulator. The in- 
ductance of the coil windings in the aerial circuit varies with the 
permeability of the core. This changes the tuning of the aerial 
and the amplitude of the current in the aerial varies. Thus the 
intensity of the waves in the ether varies with the voice frequency. 
This method was used some years ago but has not been used since 
vacuum tubes have come into general use. 

327. Grid Modulation. In grid modulated sending sets only one 
tube is needed. Figure 4 is a grid modulated transmitter which 
requires very simple ap- 
paratus. It has been called 
a resistance transmitter- 
The tube is shown con- 
nected to a Hartley series 
coil of a few turns. The coil 
can be a loop of about three 
or four feet diameter, two 
to four turns. The filament 
is connected to a point near 
C3 the middle of the loop. A 
grid condenser is placed in 
the grid circuit. The micro- 

Ficure 4. phone is connected to a re- 

sistance box, Ri, through a 

battery of three or four dry cells. The resistance in the box can 

be changed at will,—50 to 100 ohms will be found to be good. 

The microphone changes the current through the resistance and 

thus the potential across R;. R; is connected to the grid of the 

tube, the potential of the grid is determined by the voice frequency 

and the oscillating current in the coil is varied in unison with the 

voice frequency. Figure 5 is a diagram illustrating the action of 
a tube using grid modulation. 

Figure 5 is that of the mutual characteristic of the tube. The 
irregular line about the lower part of the Y axis represents the 
potential of the grid as determined by the voice frequency. The 
amplitude of the oscillating current will be controlled by this 
frequency. The zigzag line between the X axis and the irregular 
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boundary represents the oscillating current. It will be noted in 


the figure that when the 
modulation is very great 
there will be times when 
the current dies out. 
This is due to the fact 
that at times the grid is 
enough negative to make 
the plate current zero 
and, of course, this stops 
the oscillation. One of 
the drawbacks to grid 
modulation is the diffi- 
culty of preventing dis- 
tortion. 

In Figure 5 the mutual 
characteristic is repre- 
sented with the average 
grid potential at zero. 


Ficure 5. 


If a high plate potential is used so as to move the curve to the 


is 
BIO VOLTS 


FIGURE 6. 


left and enough C battery or the grid condenser and grid leak are 
adjusted to place the working point near the middle at C, there 
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will be less distortion provided the variation of the grid potential 
is not too much. The variation to the right should not be enough 
to cause a grid current to flow and the variation to the left should 
not bring the plate current near zero or to the region where the 
characteristic is a curved line. Figure 6 shows the resistance tele- 
phone circuit with two tubes connected to the aerial with the Col- 
pitts circuit. An extra tube is used as an amplifier for voice 


frequency. 


ifefaaafalaf 


Very few sets use grid modulation, but a set of this kind can 
be constructed with a rather small amount of apparatus. 

328. Plate Modulation. The usual method of modulating a radio 
phone transmitter is known as Heising plate modulation. In an 


Ficure 8. 


oscillating tube the ra- 
dio frequency current 
depends on the poten- 
tial of the plate of the 
oscillating tube. The 
potential of the plate is 
made to vary in unison 
with the voice fre- 
quency. 

The circuit usually 
used is that which is 
known as Heising mo- 


dulation. The circuit is that in the diagram Figure 7. At least two 
tubes are used. One tube is known as the oscillating tube and the 
other is known as the modulation tube. In Figure 8 the oscillating 
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tubes are connected to a Hartley shunt circuit, and the aerial is 
connected to this circuit, inductively. The plate current of the 
two oscillating tubes and of the two modulating tubes flows 
through a choke coil, Xo, of 
high inductance. The effect 
of this choke coil is to keep the 
current constant. The plate 
current of the modulating 
tube is controlled by the grid 
potential which is coupled in- 
ductively to the microphone. 
When the plate current of the 

; ar eet ee ~. GENERAL RADIO Co.: 
modulating tube is diminished a CAMBRIDGE MASS, 
the choke coil tends to keep y 
the current constant and the 
potential at the plates is in- 
creased. Since the modulating FIGURE 9. 
tubes are prevented from tak- 
ing the current, the oscillating tube must take more and thus the 
value of the oscillating current is increased. The microphone M, is 
connected to the grid of the modulating tube through the micro- 
phone transformer, 7. Figure 9 shows a microphone transformer. 

A radio frequency choke coil, X, is in the plate circuit of the 
modulating tube. This choke coil has the proper inductance to 
keep the radio frequency current out of the modulating tube, but 
the inductance is so small as to have no effect on the audio fre- 
quency. In Figure 8 five tubes are shown,—two oscillating tubes, 
two modulating tubes and an amplifying tube. It is usual to use 
the same number of tubes in each group. It is found that due to 
tube interaction it is impractical to use many more than four tubes 
in parallel unless special precaution is taken. 

When large tubes are used it is necessary to amplify the current 
from the microphone before the potential is placed on the grid of the 
modulator. If the tubes are large tubes, perhaps two or three stages 
of amplification will be needed between the microphone and the 
modulator tubes. 

If in Figure 7 the coils ZL, and Lz consist of a few turns of wire 
wound as a loop about four feet in diameter and the tubes are 
ordinary 201A receiving tubes, a demonstration radio telephone 
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can be made in this manner which will transmit the most of a mile. 
A coil of two turns four feet in diameter and a tickler coil of two 
turns will give frequencies in the amateur band. The tuning con- 
denser is an ordinary variable condenser. For details see ‘““Experi- 
mental Radio.” 

329. Constant Frequency Circuits. As in radio telegraph circuits, 
it has been found that better results for keeping the station ex- 
actly on the desired wave can be had if a low powered oscillator 
is used as a master oscillator and this frequency is conducted to 
the power tubes or radiating tubes through a chain of amplifiers. 
Figure 10 is a constant frequency circuit. The exciter, a small or 


FIGuRE 10. 


middle sized tube, usually sets the frequency for the power tube. 
The third tube, in the figure, connected to the microphone is the 
modulator. Unless the tubes are very small, an amplifier should be 
used in the microphone circuit. 

330. Crystal Controlled Circuits. In modern broadcasting cir- 
cuits it has been found that it is a great advantage to use crystal 
controlled circuits. This is a type in which the frequency of the 
master oscillator is not controlled by the inductance and capacity 
of the circuits but by a quartz crystal. Such a circuit is dia- 
grammed in Figure 11. The principle of the crystal control is 
explained in Chapter XXIII. 
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The application of crystal control will be shown in actual circuits 
of modern stations. 

J31. Side Bands. We have explained modulation by saying a 
modulated wave is one in which the amplitude varies more or less 
regularly at a frequency that is considerably less than the carrier 
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Ficure 11. 


wave frequency. Mathematically it can be shown that this is 
equivalent to three frequencies, the carrier wave and two fre- 
quencies, one equal to the difference of the two frequencies and the 
other equal to the sum of the two frequencies. Thus if a million 
cycle wave is modulated with a thousand cycle frequency we will 
have besides the carrier wave a frequency of one million one 
thousand cycles, and a frequency of nine hundred and ninety-nine 
thousand cycles. The 1001000 and the 999000 frequencies are the 
side bands. 

Let i =J sin wt be the equation of the unmodulated carrier wave. 

Let J =I)’ cos wit be the equation of the modulating wave. It 
is remembered that a sine wave is a cosine wave if the origin is 
changed 90 degrees. 

Then the modulated wave 


t’ =(Lo+TIo’ cos wit) sin wt 
i! =I) sin wt+TI)’ cos wit sin wt 


i’ =I sin wt+I'/2 cos wit sin wt+1/2 cos wit sin wt 
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Adding and subtracting //2cos wt sin wit we get 
i’ =I sin wt+J/2(sin wt cos wit+cos wt sin wi) 
+1'/2(sin wt cos wit—cos wt sin wt). 
Then 
i! =I sin wt+Jo/2 sin (w+e)t+1o/2 sin (w—ar)é. 


Remembering that w =27n, we see that we have two frequencies 
besides the carrier wave—a sum and a difference frequency. 

These two frequencies are known as the side bands. 

The Federal Radio Commission has arranged the U.S. broadcast 
stations in channels which differ by a frequency of 10000 cycles. 
If a station were modulated with a frequency of 10000 cycles this 
station would be oscillating at frequencies which would be the 
frequencies of the two neighboring channels. Or if two stations 
on neighboring channels were both modulated with a frequency 
of 6000 cycles, the two stations would overlap 2000 cycles. 

Figure 12 illustrates the production of side bands by means of 
sine waves. Curve a represents the carrier wave. Curve 6 repre- 
sents the modulating frequency. Curve c is the modulated wave 

in which the amplitude of the 

= ow mi i in ih ih carrier wave changes periodically. 

a Curves d; “¢, and» /, atem the 

three waves which are mathe- 

matically equivalent to the wave 

oe po c. Curves d and f are the side 
bands. 

A receiver which is too selec- 
ait aie tive may cut off the side bands. 

A radio telephone transmitter 

using long waves does not make 

Ficure 12. a good transmitter because the 

wave must be very broad in order 

to transmit the side bands caused by a high pitch sound. A trans- 

mitter whose wave is 5000 meters has a frequency of 60,000 cycles. 

A tone of 5000 frequency gives side bands whose wave lengths are 
4600 meters and 5450 meters. 
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332. Transmitting without Carrier Wave. Figure 13 is a diagram 
of a transmitter in which the radio frequency is supplied by a 
generator to the grids of the two tubes. This circuit is called a 
balanced modulator in the trans-Atlantic transmitter. The high 
frequency current from the plates of the tubes will run in opposite 
directions through the two coils, Z; and Ly. As long as these cur- 
rents are equal the induced effect in the aerial will be balanced and 
the aerial current will be zero. When the microphone is in use 
the potential of the two grids is in opposite phase with respect to 
the low frequency from the microphone. When the average po- 
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Ficure 13. 


tential of the top tube is increased the output of this tube is in- 
creased, likewise the average potential of the lower tube is 
diminished and its output is diminished. Thus there will be an 
induced current in the aerial when the microphone is actuated, 
and only then. The intensity of this current depends upon the cur- 
rent from the two tubes, and this depends upon the intensity of 
the sound actuating the microphone. 

In the aerial there will be nothing to correspond to the first 
term of the equation showing the three sets of frequency. The 
term which is absent represents the carrier wave. Thus we have 
transmission without carrier wave. 
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The purpose of the carrier wave is to supply energy to the side 
bands. The audio tones are made by the interference of d and f, 
Figure 12, with e. So in order to receive these side bands it is 
necessary to supply a carrier wave at the receiver. 

333. Suppression of One Side Band. In Figure 12 the modulated 
wave, c, is analyzed into three waves—d, the lower side band, e, 
the carrier wave, and f, the upper side band. In reception with a 
detector we can explain the action as has been done when we 
explained detection by means of change of amplitude, or we can 
reproduce the audio tones by combining the carrier wave with the 


Ficure 14. Transmitting apparatus for transatlantic radio-telephony, 
at Rocky Point, Long Island. 


side bands and produce beats in the same manner as is done in he- 
terodyne reception of C.W. It is not necessary to have both side 
bands, as the tones can be reproduced from the carrier and one side 
band. The width of the channel used in the ordinary radio phone 
is m+n, and n—n. 

If one side band is suppressed by filtering or other means, we 
have the channel only half as wide, and the interference produced 
with other stations is diminished. Or, another way of looking at 
the proposition is to say we have made room for another station, 
since the channel has been reduced. 
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Probably the best example of side band suppression is in the 
trans-Atlantic radio telephone. Figure 14 is the interior of the 
trans-Atlantic transmitter station. 

334. Trans-Atlantic Radio Telephone. In the trans-Atlantic 
radio phone we have a case where both carrier wave and one side 
band are removed. Transmission is made with the lower side band 
only. We start with a transmitter like that in Figure 13, which 
apparatus we shall call a balanced modulator. The audio fre- 
quencies, voice frequencies, transmitted by the apparatus, are 
from less than 300 to about 3000 cycles. We shall assume a 
constant frequency of 1000 cycles as representing the voice 
frequency. The frequencies used in this explanation are, in round 
numbers, approximately the values in actual use. See Figure 15. 

We have an oscillator set at 30 kilocycles and the voice frequency 
of 1 k.c. feeding into the first balanced modulator. This delivers 
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FicureE 15. 


two side bands 29 and 31 k.c. The bands are passed through a 
filter which suppresses the 31 k.c. band. The 29 k.c. is fed into 
the second balanced modulator which is also actuated by an oscil- 
lator at 90 k.c. The output of this modulator is the two side bands 
90+ 29k.c. The lower, 61 k.c., is used and the other is filtered out. 
Sixty-one k.c. is a frequency near 5000 meters and is amplified 
and transmitted. The actual frequency used in the trans-Atlantic 
set is 55500 cycles plus speech frequency, making a wave length 
of about 5400 meters. 

Figure 16 is a diagrammatic scheme of the amplifiers after the 
second filter. The amplification is in five stages beginning with 
one five watt tube and ending with 20, 7.5 K.W. tubes in parallel. 
The advantage of this method of transmission is that all the 
energy is in the side band and none is in the carrier wave. Thus, 
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the width of the channel is diminished to a minimum. This last is 
a big item in long waves. With a voice frequency of 3000, the chan- 
nel occupied is from 5100 to 5400 meters. 


ae a 2075 KW. 
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FILTER E : 
+400 V, +1000 V,  +I500V.  +10000V. +10 000 V. 


FicureE 106. 


In reception it is necessary to supply the carrier wave, 55500 
cycles, at the receiver. It is interesting to note that the carrier 
wave 55500 cycles which is “suppressed” is not even generated at 
the transmitting station. If the carrier generated at the receiver is 


Schematic of transatlantic radio telephone circuits 


FicureE 17. 


too close to the side band the notes are low. If they are too far away 
the notes are high. In either case, the articulation is not good. For 
good results the variation of frequency of the carrier wave should 
not be more than 20 cycles. Figure 17 shows a pictorial figure of 
radio telephone transmission and reception across the Atlantic. 
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335. Complete Modulation. Figure 18 is a figure representing a 
carrier wave modulated by a sine curve. The percent of modula- 
tion is 100(m—c)/c where c is the amplitude of the carrier wave 
and m is the maximum amplitude of the modulated wave. If m 
is equal to 2c, then the modulation is 100%. This means that 
the amplitude of the carrier wave at a minimum point is zero and 
the wave is said to be completely modulated. 


Ficure 18. 


The amount of power delivered to the antenna in a radio tele- 
phone depends on the degree of modulation. If 100% represents 
the power delivered to the antenna by the unmodulated carrier 
wave the energy delivered when completely modulated is 250% 
and the maximum peak energy, instantaneous value, is 400%. 

The useful energy is in the modulation or side bands, thus the 
efficiency of a transmitter depends upon the percent of modulation. 

The better stations are adjusted so as to operate at a point 
corresponding to complete modulation for the intense notes. 

336. Large Transmitters. In the early days of radio broadcasting 
the transmitter consisted of two tubes, or two groups of tubes, the 
oscillators and the modulators, connected with Heising modulation. 
Usually there was a tube or two used as audio amplifiers for the 
microphone circuit. In order to maintain constant frequency, mas- 
ter oscillator circuits or crystal controlled circuits were introduced. 
These, as has been shown, consist of a train of tubes connected 
as radio frequency amplifiers. So we have two trains of ampli- 
fiers,—the audio feeding into the modulator tube or tubes, and 
the radio frequency from the master oscillator feeding into the 
oscillator tube. 

It is possible to have two small tubes, one as an oscillator and 
the other as a modulator, like the connection in Figure 7, and then 
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have a train of radio frequency amplifiers feeding into a power 
oscillator. Such an amplifier will be one which amplifies modulated 


Ficure 22. Station 3XN, Bell Telephone Laboratories, at Whippany, N. J. 


radio frequency. This method is used in the larger stations, since 
it is a saving of power. This will be seen by following the diagrams 
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of Figures 19 and 20. These diagrams are simplified diagrams of 
standard stations of the Western Electric Company. It is inter- 
esting in connection with these diagrams to note the speech 
amplifiers and the rectifiers. 

Figure 21 is a view of the fifty K.W. broadcast transmitter at 
3XN. 

Figure 22 shows the aerial at 3X.N, and Figure 23 the second 
power amplifier in the same station. Figure 24 shows condenser 
microphones in the forms 
in which they are used in 
broadcasting stations. 

Jil Chom Circuits, oA 
chain circuit is one in which 
a number of broadcasting 
stations transmit the same 
program at the same time. 
The program is given in a 
studio, picked up on the 
microphone and amplified 
and placed on the long dis- 
tance line. This may go to 
a station direct, where it 
is amplified and placed on 
the transmitter. It may go 
to a second amplifier one 
or two hundred miles away, 
where it is amplified on a 
repeater amplifier. At any 
of these points two or more 
branch lines may pick up 
the program. At distant 
points other amplifiers may transmit to other branch lines. 

The amount of amplification at any amplifier is adjusted so the 
intensity of the signal does not fall below a certain level at the 
far end. The intensity of the signals is always kept above the line 
noises. There are always certain line disturbances due to thermal 
junction effects, and other electrical disturbances on the lines. 


Ficure 23. The second power Amplifier 
Tube Unit of the 50 Kw installation at 3 XN. 


292 Tur FUNDAMENTALS OF RADIO 


The long distance lines are all loaded to transmit all frequencies 
between certain limits with equal attenuation. On an ordinary 
telephone line the low frequencies are transmitted better than the 
high frequencies. If the line 
is verv long, 100 miles, say, the 
listener at the far end will 
hear the low notes louder than 
the high notes. To overcome 
this the line is loaded with 
equalizers. Figure 25 is a 
diagram of an equalizer. This 
will be seen to be a case of a 
parallel resonant circuit in 
series with a resistance. If the 
resonant circuit is adjusted 
for high frequency the im- 
pedance for the low notes will 
be the resistance alone.) lhe 
impedance of the resonant 
circuit will increase with fre- 
quency. Thus, by proper 


Oo J ——<)) 

; : LINE 
Ficure 24. Condenser Microphones used 

in broadcasting. 
adjustment, the attenuation of all fre- - 
quencies can be made the same. This’ o er t a 
loading coil is a shunt across the lines. 

Ficure 25. 


It uses up the energy of the low notes 
so that the intensity of the low notes is the same as that of 
the higher notes. A loading coil therefore absorbs energy although 
it improves quality. The average attenuation or waste of energy 
on the line is greater with the equalizers than without. There 
must be more amplification to make up. 

The ordinary telephone lines are loaded for transmission from 
about 300 to 3000 cycles. Lines for broadcasting transmission 
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must be equalized for frequencies from 100 or less to at least 
5000 for good transmission. If an ordinary line is used the 
quality of the music transmitted is poor. 

338. Radio Chains. It is possible to transmit to a repeater 


transmitter using radio waves. Usually short waves are used. 
Due to fading and other factors which cannot be controlled, this 
method of “hook up” has been discarded. The radio “hook up” 
and the radio phone does not 
compete with the wire line 
except where the cost of wire 
lines is excessive. G 

339, Frequency Modulation. Amplifier, 
The usual Heising modula- 
tion is essentially an inten- 
sity method of modulation. FIcuRE 26. 
This has been shown to pro- 
duce side bands or frequencies which differ from the carrier 
frequency in unison with voice frequency. Thus, if the frequency 
of the carrier wave can be made to vary in unison with the voice 
frequency, we have a method of modulation. , 

In Figure 26 we have a microphone connected across a variable 
condenser which is in the circuit of an oscillating tube. If this 
condenser is one in which the plates move due to the static force 
between the charges we have a condenser whose capacity will vary 
in unison with the voice frequency, and the frequency of the 
oscillating tube will vary_in the same manner. 


CHAPTER XXV 
RECEIVERS 


340. Early Receivers. In Hertz’s original experiments an open 
spark gap, Figure 1, was used as a receiver. In his early receivers, 
Marconi used the coherer asa detector for the waves. The coherer 
consisted of two metal plates placed in either end of a glass tube 
with metallic filings, iron and other metal, placed between the two 
plates. The resistance of these loosely packed filings was very high. 
The current from the wave broke down this resistance so that a 
battery of a few volts caused a large current to flow. By placing a 


= 
i 


Ficure 1, Hertz’s original receiver and transmitter. The signals were 
received when a small spark appeared at M. 


bell or sounder in series with the coherer and the battery the bell 
was caused to ring when the wave was received. By tapping the 
coherer the filings were jarred and the resistance restored, causing 
the bell to cease ringing. 

Figure 2 shows one of the earliest receivers. The transmitter 
used is also shown. It is seen to be a primitive spark transmitter. 
There was no tuning except that the receiving circuit was made as 
near like the transmitting circuit as possible. The length of the 
aerials being the same, the two circuits were tuned. These aerials 
were supported by kites. 
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341. Crystal Receivers. Crystal receivers or detectors were 


Transmitting station. Receiving station. 


Ficure 2. Marconis’ Apparatus for Wireless Telegraphy in 1896. B, battery 


I, induction coil; S, spark balls; A, sending key; £, earth plate; Ki, K 


2, kites up- 


holding aerial wires; C, Coherer; R, relay; M, Morse printing instrument; Bi, Bo, 


batteries. From Fleming, “Electric Wave Telegraphy.”’ 


introduced in 1906 and became the standard detector until the in- 


troduction of vacuum tubes. See Chapter IX, Detectors. 

It is imposible to enumerate all the different types of 
receiving circuits. All receiving circuits can be classed 
in some half dozen types. All the various wave meter, 
oscillating, and sending circuits can be used as receivers 
with a detector. 

The most simple receiver is the crystal detector 
receiver. The most simple one of this type is a crystal 
and a telephone placed in an aerial circuit, Figure 3. 
To use this circuit the intensity of the signals must be 
very strong. 

Placing a variable inductance or a variable condenser 
around the telephone and crystal we have a means of 
tuning the circuit. With a double slide tuner, Figure 4, 


CR, 


FIGURE 3. 
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we have a means of tuning both the aerial circuit and the crystal 
circuit. The maximum response is obtained when the aerial circuit, 


FIGURE 4. 


the aerial and the portion of the coil included be- 
tween the ground and aerial tap, as well as the 
portion of the coil between the upper portion and 
the second tap, is tuned to the signal. 

An oat meal box with 70 turns of wire—40 turns 
from aerial connection, then 15 taps with 2 turns 
between taps make a good receiver of this type. 

The loose coupler circuit, Figure 1, Chapter IX 
is the best crystal circuit. The aerial is tuned by 
the sliding tap and the secondary is tuned by 
means of the variable condenser. If the coupling 
is loose and the resistance of the secondary circuit 
is small this circuit is selective. Unless a great 
deal of care is used in the construction of a good 
low resistance aerial and ground connection the 


range with crystal detectors is not very great. 25 to 50 miles is 


good. 


342. Tube Receivers. Jf an 


electron tube 


that the grid of the tube is 
connected to the aerial circuit 
and any local disturbance such 
as induction hum from trans- 
formers will be communicated 


is substituted 
for the crystal detector in the 
above circuits the range is 
greatly increased. Witha tube 
in the above circuits we have 
plain detector circuits, not 
regenerative. 

Figure 5 is a regenerative 
circuit which has become very 
popular. It is very easy to 
tune. It has the disadvantage 


Ficure 5. 


directly to the tube. The resistance of the aerial will cause the 
wave to be “broad” and the selectivity of the circuit will be poor. 
One redeeming feature is the tuned plate circuit. This is tuned by 
means of the variometer in the plate circuit. 
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Figure 6 is another two coil regenerative circuit. The loose 


coupler of Figure 1 Chapter IX can 
be used in this manner. This circuit 
is fairly selective but is likely to be 
noisy. Two coil circuits are a nui- 
sance to the community. When the 
tube oscillates the aerial becomes a 
transmitting station. Since the 
aerial is conductively coupled to the 
circuit there is no way of reducing 
the energy radiated by loosening the 
coupling. 

The three coil regenerative cir- 
cuits are the most selective and 
most free from local disturbance. 
Figure 7 is a three coil circuit which 
is usually given as the typical re- 


FIGURE 6. 


generative circuit. The three coils should be mounted so that the 


FIGuRE 7. 


minals—six terminals in all. 
numbering from left to right. 


coupling between coils can be 
changed. The aerial circuit is tuned 
either with a condenser or by means 
of taps on the coil. The secondary 
circuit is tuned by means of a vari- 
able condenser. 

343. Coil for Broadcast Receiving. 
The construction of coils for the 
reception of 200. to 600 meters is 
described in the following. 

Procure 100 feet of number 24 
cotton covered copper wire. Wind 
this wire on a rolled oats box or any 
paper tube whose diameter is about 
four inches. Make three coils of 25 
turns of wire in each coil. Wind the 
coils one layer deep. Leave a space 
of about one-half inch between each 
coil. Each coil will have two ter- 
Number the terminals 1, 2, -- - , 6, 
Connect No. 1 to the ground, No. 2 
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to the aerial. Connect No. 3 to the grid terminal of the tube, No. 4, 
to the negative filament of the tube. Connect one of the variable 
condensers to terminals No. 3 and 4 also. Connect No. 5 to the 
negative filament of the tube, No. 6 to one terminal of the phone, 
the other terminal of the phone to the negative terminal of the B 
battery and the positive terminal of the B battery to the plate 
terminal of the tube. The by-pass condenser should be connected 
around the phone terminals and the grid condenser placed in series 
with the grid circuit. The second variable condenser is placed in 
series or in parallel with the coil connected to the aerial. This 
makes a good regenerative circuit. All high power phone stations 
in a radius of 1000 miles can be heard with this outfit, on good 
nights. 


FIGURE 8. 


This coil may be made into a loose coupler by cutting the coils 
apart and fastening the coil to wooden blocks. Fasten the middle 
coil rigidly to a wooden support and by means of hinges fasten the 
other two on each side of the first so that they will swing like the 
leaves of a book from a position parallel to the middle coil to a 
position at right angles to the middle coil. Mount so that when the 
coils are closed they occupy the same relative position that they did 
before they were cut apart. Six binding posts, one for each ter- 
minal, will add to the convenience of this coil. The wave length 
range of this receiver using a 43 plate condenser is from 200 to 
600 meters. 

Adding two or three stages of audio amplification we have the 
circuit of Figure 8 which is a very good cheap receiver. 
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Many other simple receivers might be given but they can be 
shown to be a particular case of one or two type forms. Compare 
vacuum tube circuits Figure 8, Chapter XIV, where it is shown 
that circuits can be transformed into standard forms. 

344. Modern Receivers. In previous sections the subjects of the 
tube used as a detector and amplifiers have been discussed. In 
practice the receiver and amplifier are so closely associated that 
it is hard to think of one without the other. All modern receivers 
consist of a detector and some sort of an amplifier. Even with the 
single tube receiver, the tube acts as both a detector and an 
amplifier. The tube itself not only is an amplifier but as a usual 
thing the circuit is some sort of a regenerative circuit, which also 
amplifies. The receiver as used usually consists of a radio frequency 
amplifier, a detector, and a stage or two of audio frequency 
amplification. 

345. Radio Frequency Amplifiers. There are two general types 
of radio amplifiers,—tuned and untuned. In the untuned ampli- 
fiers the receiver proper which is a tuned circuit coupled to the 
aerial, is connected to the grid and filament of the first tube. The 
simple wave meter circuit is generally used. The plate circuit of 
the first tube is coupled to the grid circuit of the second tube with 
a transformer which is untuned. The transformer as connected to 
the tubes has a natural frequency which is not far removed from 
the frequency which is received. 

The number of turns in the transformer, of course, depends on 
the frequency range which is desired. The ratio of the transformer 
is near unity. The transformer is usually made of small wire and 
the two coils are very closely coupled. The coupling and resistance 
makes the peak of the wave, or resonance curve, very broad so that 
the amplifier is in tune for a large band of frequencies. 

This method of keeping the tubes from oscillating has been 
called a “‘losser” method. The energy is dissipated, as heat in the 
resistance, to the point that the tube can not oscillate. Some of 
the ‘‘losser’’ methods resorted to in the early days, and to some 
extent at the present time, are high resistance coils, a positive 
potential on the grid of the tube, and the introduction of eddy 
current losses. Some of the untuned radio frequency coils are made 
of resistance wire. All are made of fine copper wire. A poten- 
tiometer between the filament terminals makes the grid potential 
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adjustable and the plate current is increased, thus increasing the 
IR drop through resistance of the coil until losses are so great that 
the tube ceases to oscillate. Resistance is sometimes inserted in the 
grid circuit. Sometimes the coil is mounted close to a sheet of 
aluminum in which there are eddy currents induced. This increases 
the apparent resistance of the coil. A few years ago it was common 
to see sets advertised for which one of the talking points was low 
loss coils. These coils were mounted on the condensers close to 
the heavy aluminum end plate. Untuned radio frequency ampli- 
fication is not used to any extent now except in the intermediate 
frequency stages of the superheterodyne. The diagram, Figure 9, 
illustrates an untuned radio frequency amplifier in the first two 


stages. 


Raoio FREQUENCY A 


uDIO 
ASLIPLIFICATION DETECTOR | AMPLYFICATION 


Ficure 9. Circuit for radio frequency amplification and two stages of 
audio amplification. 


In the tuned radio frequency amplifier the transformer is usually 
tuned with a condenser. If a condenser is placed across the 
secondary of the coupling transformer in Figure 9, the diagram for 
a tuned radio frequency amplifier will be complete. All radio 
frequency amplification must be before detection. 

The advantage of radio frequency amplification is that the 
detector output depends on the square of the potential of the 
signal. Amplification before the detection tube is, therefore, much 
more effective. See sections on Detection, Chapters IX and XII. 
However, it is possible to get the signal so intense as to overload 
the detector tube and thus produce distortion. The signal should 
not be so intense as to use more of the characteristic than the 
curved portion. 
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One of the difficulties of the radio frequency amplifier is that 
there is danger of one or more of the tubes oscillating due to the 
capacity feed back through the tube. See Chapter XIV on 
oscillators. 

The screen grid tube is designed to screen the plate of the tube 
from capacity effect. This tube has been used with good success 


TYPICAL SCREEN GRID RADIO FREQUENCY AMPLIFIER CIRCUIT 


OPTIONAL INTER-STAGE COUPLINGS 
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FIGURE 10. 


in radio frequency amplification. Figure 10 is a diagram of a set 
using screen grid tube in radio frequency amplification. 

All the “losser’’ methods make the tuning broad so that the set 
is not selective and, as a usual thing, the adjustment is such that 
the output of the B battery is great thus shortening its life. 

346. Neutrodyne Set. One of the best radio frequency amplifiers 
is the Neutrodyne set. 
This was the first 
attempt to neutralize 
the capacity of the 
tube and thus prevent 
oscillation. The prin- 
ciple of the set is made 
clear by the following, 
which can be used as Ficure 11. 

a method of measur- 

ing the amplification of a transformer. In Figure 11 P and S are 
the primary and the secondary of the transformer whose amplifi- 
cation is to be measured. C; and C2 are two variable radio con- 
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densers. The connections of the coils must be reversed as in the 
diagram. The E.M.F. in the secondary due to the current from the 
condenser, Ci, must be in the same direction as that from the 
condenser, Co. Then when the condensers are so adjusted that 
there is 2 minimum sound in the telephone, the condenser, Cy 
neutralizes the effect of the condenser C;. When this is true the 
ratio of the condensers is the same as the ratio of the coils and the 
amplification constant, A, is C)/C2. 

Since the capacity of the condensers is small, the impedance 
in the two coil circuits is all due to the condensers, and J; is pro- 
portional to C; and J, is proportional to C2. This can be seen from 
the equation, 

E 
[= =CEw, whenC is small. 
V/ R2+(Lw—1/Cw)? 


Since there is no current through the telephone, 
MdI,/dt=LdI2/dt or MI,=LI.. 


Since M is proportional to mn. and L is proportional to m9, 
M1) = Nels. 

Then %/m=11/Ig=Ci/C2=A, the amplification ratio of the 
two coils. 

If C, and C2 are variable con- 

cin densers, semi-circular plates, 
Ze ; . 

which are exactly alike (same 

make) then the readings of the 

dials can be substituted for the 
value oi the capacities. 

Ti Cy Figure 12, is the ea- 
pacity of a tube, then the neu- 
tralizing condenser, Cy causes the 
coils to neutralize the capacity of 
the tube. In Chapter XIV we 

Ficure 12. saw that the capacity acting as 

a feed back in the tube caused the 

tube caused the tube to oscillate in certain cases. Since the 
capacity of the tube is neutralized the tube will not oscillate. In 
a Neutrodyne set the ratio of secondary to primary is about 
5 to 1, and the capacity, C, must be about 1/5 the capacity of 
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the tube. It is rather difficult to get a condenser of such small 
capacity, and it is customary to connect the neutralizing con- 
denser to a tap and use about 1/5 of the secondary of the coil. 
In some circuits a third coil is placed on the transformer and this 
coil is used with the primary coil in neutralizing the capacities. 
Figure 13 is a diagram of a three tube Neutrodyne set. There are 
two tubes of radio frequency amplification as well as a detector 
tube and usually two more tubes used as audio amplifiers. 


Ww 


§000 


Ficure 13. 


347. Heterodyne Amplification. Another kind of radio frequency 
amplification is heterodyne amplification. The super-heterodyne 
is of this type. This makes use of radio amplification but at a rather 
low frequency. In the section on oscillators we saw that the capa- 
city feed back was more effective as the frequency increased. At 
comparatively low radio frequencies there is not so much difficulty 
with the tube oscillating, and it is easier to operate radio ampli- 
fiers. In the heterodyne the signal is received on a circuit very 
much the same as an ordinary receiver. Some receivers use re- 
generative circuits. Coupled to this circuit is a second tube 
which is connected to an oscillating circuit. The frequency of 
the oscillation is above or below the frequency of the signal. 
The beat note between these circuits is received by a circuit 
tuned to the beat frequency. This is followed by two or three 
stages of untuned amplification, the peak frequency of these 
coils being the frequency of the beat note. After amplification 
the signal passes through a second detector and usually a stage 
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or two of audio amplification. Figure 14 is a diagram of a super- 
heterodyne. To illustrate, suppose the signal is on 500 meters or 
600 kilocycles. Suppose the radio frequency amplifier is tuned 
for 100 kilocycles. Then, if the oscillator is tuned to 600 meters 
or 500 kilocycles, the beat note is 100 thousand cycles. If the 
signal is on 300 meters or 1000 kilocycles and the oscillator is 
set for 333 meters or 900 kilocycles, the beat note is again 100 
kilocycles and will pass through the amplifier. The radio frequency 
amplification is on 100 kilocycles or 3000 meters and on this 
long wave the tube capacity does not interfere. Very weak signals 
can be received in this manner. Coil aerials can be used with 
success. Figure 22 is a modern super-heterodyne. 


@ OOP Ae 8) 
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Ficure 14. 


348. Regenerative Amplification. The regenerative receiver is 
perhaps one of the most popular receivers. Regeneration has been 
treated to some extent in Chapters [IX and XII. The single tube 
recelver is one of the most efficient receivers made when the 
simplicity of the circuit is considered. The trouble with this re- 
ceiver when no amplifier is used is the temptation on the part of 
the operator to let the receiver oscillate and thus become a 
small sending station producing interference with other receivers 
in the neighborhood. ‘This disturbance is known to have been 
transmitted a mile or two with intensity enough to interfere with 
reception. 

A regenerative tube is usually equal to two or three stages of 
tuned radio frequency amplification. Thus, as far as amplification 
is concerned, its efficiency is very high. 

If a regenerative tube is used, it should be used with a loud 
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speaker and an amplifier whose amplification is great enough to 
make so much noise when the tube starts to oscillate that the 
operator will stop it immediately. 

Figure 8 is a diagram of a regenerative receiver and three stages 
of audio coil amplification. This will give very good results in 
the hands of most operators. In this the aerial circuit is tuned 
by means of the series condenser. A loading coil should be 
placed in series with the aerial to increase the wave length 
of the aerial so that it can be tuned to all bands of frequencies. 

349, Reflex Amplification. This method of coupling combines 
radio and audio amplification. It is popularly said to use the 
tubes twice. Figure 15 is a circuit in which the radio frequency 


= [a|n|a|s|-- - - - Sap eal 
20 67 


FicureE 15. 


amplification is both tuned and untuned. The tube capacities 
have been balanced by the neutrodyne principle. After the 
signal has passed through three stages of radio frequency to the 
fourth tube, the detector tube, two of the first tubes are used 
again for audio amplification. The radio frequency signals 
are bypassed around the audio coils by means of fixed radio 
condensers. The audio signals pass through the radio coils without 
any obstruction. 

It is customary to depend on the capacity of the audio coil 
to pass the radio frequency through the secondary of the trans- 
former. Fixed condensers may be placed around the secondary 
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of the audio coil as well as around the primary. These con- 
densers may throw the secondary in resonance with some high 
audio frequency. 

As a general thing, the amplification obtained with a reflex 
set is not the same as in a set where the tubes are used only 
once. With a four tube set reflexed as in the figure, the ampli- 
fication is little more than that obtained in an ordinary four tube 
set. . 

Reflexing broadens the tuning, rendering the set not so se- 
lective. 

350. Short Wave Receivers. Short wave receivers are very much 
like receivers for longer waves. They differ in many ways according 
to the caprice of the builder. Most people interested in short 
waves build their own apparatus. During the last year or two 
due to the interest in long distance, short wave broadcasting, 
a few short wave receivers have been advertised. 

It, sol course, 41S 
understood that the 


3 receiver for modu- 
lated code is in no 
way different from 
the receiver for broad- 
cast or voice recep- 
tion. For C.W. code 


cae it is necessary to 


have the receiving 
tube oscillating. 
Super-heterodyne 
receivers can be used 
for short waves. It 
is necessary to change 


the number of turns 

of the receiving coil 

Ficure 16, and the oscillating 

coil. Super-hetero- 

dyne receivers with plug in coils have been devised so as to convert 

from broadcast wave receivers to short wave receivers with little 
trouble. 
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Most wave receivers are regenerative receivers in which the 
regeneration is controlled by means of a variable condenser in the 


place of the bypass or blocking con- 
denser. By controlling the regenera- 
tion the receiver can be used for 
short wave radio phone reception 
with the circuit as a regenerative 
circuit, or C.W. code can be re- 
ceived when regeneration is in- 
creased to the point of oscillation. 
Most circuits are essentially the 
same as that of Figure 8. The coils 
have fewer turns and the tuning 
condenser is usually made with few 
plates. By removing the aerial con- 
denser, C4, or by placing it above the 
coil, Zi, the three coils can be con- 
nected to the set with five contacts. 


FicurE 17. 


The coils can be wound on a form which has five prongs fitting into 
a five prong tube socket. Figure 16 illustrates the connections. 


QsT 129 


Ficure 18. A few plug-in coils and a plug-in R. F. Choke. Q. S. T. p. 16. May 1929. 


If the circuit is wound as a shunt feed back circuit the coils 
can be wound on a form made from an old four prong tube base. 
Figure 17 illustrates the connections. These forms may be wound 
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with coils of suitable number of turns so as to receive various 
amateur bands. Figures 18 and 19 are pictures of plug-in coils. 

Although there is no fundamental difference between receivers 
for code and those for use for radio phone, there may be a difference 
between the audio coils used in the amplifiers. For radio phone 
receiving we wish transformers which give the same amplification 
at all audio frequencies. In code reception we want a transformer 
which will give the greatest amplification in the neighborhood of 


Ficure 19, Plug-in coils for receivers. 


800 or 1000 cycles. This is the tone which can be heard through 
static the best so the frequency of the oscillator is usually set to 
give that tone. The transformer should amplify selectively at that 
frequency. 

It is claimed that a UX112 tube makes a good detector for short 
wave receivers. Short wave sets with audio amplification tend to 
howl at times. A resistance of 25000 to 100000 ohms placed across 
the secondary of the audio transformers will usually quiet the set. 
Figure 20 is a short wave super-heterodyne receiver. Figure 21 is 
a diagram of the set. For details see Q.S.T., page 9, March 1919, 
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351. Volume Control. Figure 22 shows a diagram of the connec- 
tions of the Radiola No. 64 receiving set. This set has a complete 
lamp socket power unit which furnishes A, B, and C battery po- 
tentials. Of course, it is single control. The loud speaker-field 
coil is one of the filter coils in the smoothing filter. All the tubes 
are 227 A.C. tubes. The detector is a plate current rectifier. One 
of the features of this set is a volume control which is diagrammed 
in simplified form in Figure 23. 


Ficure 20. 


The volume control tube is actuated by the same potential as 
that of the detector tube. The control tube is in a certain sense a 
vacuum tube voltmeter. A strong signal causes a large plate 
current in the control tube. This current flows through a resistance 
of 100,000 ohms. This causes the potential of the plate to drop. 
The grids of the radio and audio amplifying tubes are connected to 
the plate of the volume control. The negative potential on the 
grids slides the point of action of the amplifiers down to a less 
steep part on the curves so the amplification is not so great. In 
this manner the amplification depends inversely on the intensity 
of the signal. 
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+A 


+45 +614 +90 +135 


BIAS 
FrcureE 21. The complete wiring of the Super-Heterodyne. 


C1—“13-plate’ Pilot midget first-detector tuning condenser with 4 plates removed. 
It is shunted by an external variable of 350 pufds. for broadcast-band work. 

C2—27-plate National E-quitune condenser w.th stator divided (see text). 

C3—23-plate Pilot midget intermediate-frequency tuning condensers. 

C4—5 plate Pilot midget antenna coupling condenser. 

C5—250-pufd. Sangamo fixed condenser. 

C6—I1-ufd. Acme Parvolt condenser. 

C7—.25-pfd. Sprague condenser. 

C8—250-upfd. fixed grid condenser. 

CI—500-pufd. fexed condenser. 

C1O—4,000-upfd. fixed conde ser. 

C11—100-upfd. fixed tuning condenser. 

R1I—4-megohm gridleak. 

R2—6-megohm gridleak. 

R3—2-megohm gridleak. 

R4—50,000-ohm Frost variable resistor. 

R5—15-ohm fixed filament resistor. 

R6—2-ohm Carter rheostat. 

R7—100,000-ohm Frost variable resistor. Oscillator voltage and volume control. 

L1, 2, 3—1st-detector coils on Silver-Marshall type 130P coil form. 

14, 5—Oscillator coils on same type form. 

L6—120 turns of 26 gauge d.c.c. wire wound in a 1"-diameter hank. 

L7—300 turns of 30 gauge s.s.c. wire on 2" outside diameter bakelite tubing. 

L8—12 turns of 28 gauge d.c.c. wire wound in a 15"-diameter hank. 

REFC—Silver Marshall type 277 radio-frequency chokes. In order to avoid complicating 

the diagram, no shielding has been indicated. All battery leads are made with a Yaxley 

battery cable type No. 660, the connector plate of which can be seen at the rear center 

of the base-board. 
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CHAPTER XXVI 
AUDIO AMPLIFICATION 


352. Three Classes of Amplifiers. There are three general classes 
of audio amplifiers—resistance amplifiers, impedance amplifiers, 
and transformer amplifiers. 

Amplifiers have been treated to some extent with the receivers. 
They are also used in transmitters. The quality of the receiver and 
transmitter, to a large extent, depends on the amplifier. 

353. Resistance Amplifier. In Chapter XIII, we have seen that 
the coupling coefficient of a resistance is R/(R+R,) where R is 
the coupling resistance and R, is the resistance of the tube. 
Thus the coupling coefficient is always less than unity. The 
amplification constant, uw, depends on the potential of the plate 
of the tube and in order to keep the plate potential at a reasonable 
value the B battery potential must be great. If the coupling coef- 
ficient is 1/2, R=R,, and if the plate potential is to be 45 volts, 
the potential of the B battery must be 90 volts. 

Theoretically the fall of potentiai through a resistance is inde- 
pendent of frequency, and a resistance amplifier should be good 
at radio as well as audio frequency. Capacity effects, however, 
come into play at radio frequency so that radio amplification is 
not effective with resistance coupling. The capacity across and 
through the resistance is so great the signal is largely lost. In 
practice, resistance amplification is used only for audio amplifica- 
tion. A resistance amplifier, if properly constructed, will pass all 
audio frequencies with the same intensity. To get great amplifica- 
tion per stage, the tube must have a large amplification constant. 
Large « usually means large plate resistance so that large resistances 
and large B batteries potentials must be used. 

Figure 1 is a diagram of a two stage resistance amplifier con- 
nected for test of amplification. The coupling resistance is 7 and 
r, is the grid leak resistance. The condenser C must be large com- 
pared with the capacity of the tube—about one microfarad. The 
resistance of r should be equal to the resistance of the tube. 
100,000 ohms or more is used in some of the best audio amplifiers, 


aml) 
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the battery being about 200 volts. The resistance, 1, the grid 
leak resistance, should be comparable with the grid impedance of 
the tube, 1/Ca, 
where C is the 
capacity of the 
tube and wis 27n. 
If the grid leak is 
connected to the 
negative filament 
the average po- 
tential of the grid 
will be zero or a 
Frcure 1. little negative of 
zero. If the grid 
picks up electrons during the time it is positive, due to a positive 
signal excursion, the grid current flowing through the grid resis- 
tance will make the average grid potential negative with respect 
to the filament connection by an amount equal to Jr;. Thus the 
working conditions of the tube depend upon the value of the grid 
leak. 

If the mutual characteristic is obtained for the tube with the 
given resistance r, in series with the plate, anda D.C. milliammeter 
is placed in the plate circuit of the tube in the amplifier, the 
general conditions can be determined. 


354. Choice of Resistance. It has been shown that for maximum 
voltage amplification the load resistance should be large. However, 
this involves other conditions, one being that the potential of the 
B battery must be large when the resistance is large. All the tubes 
of a resistance amplifier are used as voltage amplifiers except the 
last stage, which is usually a power amplifier. 

From the theory of reflections it has been shown, see Chapter 
XXVII, that in general the condition for no reflection, or no dis- 
tortion, is that the input and output impedances must be equal. 
For maximum undistorted output, elimination of second harmonic, 
in a power tube, the load resistance should be twice the resistance 
of the tube. For maximum power output in a circuit it can be 
shown that the load resistance should be equal to the resistance 
of the tube. There seems to be a discrepancy in the case of a power 
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tube between the two theories of maximum output. The general 
practice is to keep the load resistance or coupling resistance equal 
to or greater than the resistance of the tube. The load resistance 
should not be more than twice that of the tube. 

355. Grid Leak Resistance. The impedance of the grid leak 
resistance should be very large compared to the grid impedance 
of the tube, in order that the signal will not be diminished by 
following the grid leak route. The grid leak and grid condenser 
through the action of grid current acts as a C battery, in that the 
condenser tends to take a negative charge. If the resistance is too 
high the negative bias may be too great and block the tube. Thus, 
there is usually a compromise in the value of the grid resistance. 
It is easily seen that the voltage swing of the grid of the tubes is 
successively larger as we go toward the output tube. The grid 
current in the last stages will be larger than that in the first stages. 
Thus the grid resistance of the first stages can be larger than that 
in the last stage. The adjustment must be so the tube operates 
on the steep straight portion of the mutual characteristic. The 
curve should be taken with the coupling resistance in series with 
the plate. 

The grid swing being small in the first stage, the operation point 
need not be so high as in the last stage. The operating point should 
be high enough so the swing toward negative potentials is not on 
the curved portion of the characteristic. 

In some amplifiers the grid bias is increased by negative C 
batteries placed in series with the grid resistance. 

356. Condensers. Although a resistance amplifier is supposed to 
be free of frequency characteristics because this is true of re- 
sistances, it is not absolutely true that the amplifier is free from 
resonance peaks. Since the signal is communicated from tube to 
tube by a condenser, it perhaps might be less misleading if this 
type of amplifier were called a condenser amplifier. 

The signal is communicated from tube to tube through the 
coupling condenser. The impedance of the condenser should be 
low; accordingly the capacity of the condenser must be large. 
However, there are certain difficulties with the use of large 
condensers which must be overcome before they are a success. 
One of the remedies given for the cure of ‘“‘motor-boating” is a 
smaller coupling condenser. ““Motor-boating”’ is a frequency effect 
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or noise that is peculiar to resistance amplifiers, which are sup- 
posed to be free from frequency effects. 

The value of the coupling condensers given in some resistance 
amplifiers is .006 m.f. Condensers as large as 1. m.f. are used 
in others. With large condensers, it is often necessary to insert 
radio frequency choke coils in the circuits to stabilize the amplifier. 
An amplifier, to respond to low notes, must have a rather large 
condenser. 

357. Motor Boating. “Motor boating” is a thumping noise which 
occurs in amplifiers. This may be caused by a common B battery. 
If the battery has resistance the potential at the terminals depends 
on the current output of the battery. An increasing current in the 
plate of one tube causes a decreased potential on the plate of an- 
other tube. This interaction may build up into periodic variation 
of current. Large by-pass condensers placed around the battery 
tends to steady the potential of the battery. Smaller grid leak 
resistances usually help. 

A second cause of this noise may be an oscillating tube. With 
large condensers and small inductance of the order of a single 
turn of wire—the inductance of the resistance and tube circuits— 
it often happens that there are high frequency currents generated 
in the amplifier. As a usual thing there is a change of the D.C. 
current when the tube starts oscillating. The swing of the grid 
of the tube increases the grid current and this causes the grid to 
take a negative potential. This negative potential may become 
so great that the plate current becomes zero and stops the oscilla- 
tion. The charge on the grid condenser leaks off until the potential 
of the grid has increased enough for the oscillation to start again. 
This diminution and increase of the average current in the plate 
circuit causes an audio frequency howl in the phone or loud 
speaker. If the pitch is 100 vibrations per second, the oscillations 
start up and stop 100 times per second. The frequency of these 
starts and stops or thumps may be so low that the frequency can be 
counted. 

A remedy for the above is to diminish the resistance of the grid 
leak. This makes it so that the tube can oscillate all the time 
and the average plate current is constant at a reasonable value. 
A better method is to insert radio frequency chokes in the ampli- 
flier and stop the radio frequency oscillations. 
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358. Impedance Amplification. Impedance amplification is 
much like resistance amplification. Instead of a load resistance or 
coupling resistance, an impedance coil or retard coil is used. This 
makes a low resistance path for the D.C. and a high impedance 
for the A.C. Figure 2 is a diagram of two tubes connected by 
impedance coupling. The im- 
pedance must be rather high, c 
and there may be resonance i. 
peaks or frequencies. If the re- R; 
tard coil has a large number of ; 
turns, the self-capacity of the in 
coil may pass the higher frequen- 
cies. 

With a good retard coil, good amplification is obtained without 
excessive B potential. It will be noted that impedance amplifi- 
cation is used in many commercial forms of amplifiers. 

359, Audio Transformer Amplifiers. The audio transformer 
coupled amplifier is perhaps the easiest to construct and operate. 
With more than two stages, there is often howling, due to circuit 
feed back at audio frequencies. This can often be remedied by 
reversing a connection on a transformer. Resistances of the order 
of grid leak resistances placed across the terminals of the secondary 
coils usually load the secondaries so the oscillations cease. This 
load may often improve the quality by ‘‘balancing” the loads on 
the tubes. 

360. Quality Audio Transformers. A perfect transformer is one 
in which there is no resistance, no hysteresis and eddy current loss 
and one in which the flux through the core can build up to the 
point that the back E.M.F. is equal to the impressed E.M.F., 
without approaching the “‘knee”’ of the magnetization curve. Since 
the back E.M.F. is proportional to the number of turns times the 
flux through the core or is proportional to the inductance L, it 
is seen that for low frequency, since E= L/w, the number of turns 
of wire must be great or the cross section of the core must be great. 
If the number of turns are increased, the number of turns on the 
secondary must be greater. If the number of turns on the 
secondary becomes too great, the capacity of the windings be- 
comes great and we get resonance at some of the high frequencies. 
This, of course, produces distortion. 


FIGURE 2. 
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The other course is to increase the cross section of the iron core. 
During the last two years there has been a great improvement in 
audio transformers. To the casual observer 
the increased size is the most noticeable. 
The quality of the iron core and the thinness 
of the laminations have effects. A modern 
transformer amplifier gives response curves 
which rival the best resistance coupled 
amplifiers. The usual voltage ratio of a 
transformer is three or four. Higher ratios 
are used, but they may cause distortion. 

Figure 3 is a modern quality transformer. 

Figure 4 is an audio amplifier using rectifying tubes and battery 
eliminators To use this amplifier, power is supplied from a 
60 cycle lamp socket. 

361. Power Amplifiers. In the article 
on tubes it was stated that we do not 
give the ratio of the power in the grid of 
a tube to the power delivered in the plate 
circuit, since that has no definite mean- 
ing. We defined 4,, as the power de- 
livered in the plate circuit per volt 
squared in the grid circuit. In the same 
manner the output of a power amplifier 
should be expressed in watts delivered 
by the last tube per volt on the grid of 
the first tube. As stated before, in an 
amplifier all tubes except the last are Ficure 4 
voltage amplifiers. 

362. Calculation of Power. In power amplifiers and in tubes, 
the D.C. currents, filament and plate, are not taken into the cal- 
culation. The filament temperature and the B battery bring about 
certain conditions under which the tube operates and the energy 
necessary to keep the tube in this condition is not taken into 
account. 

In Figure 4, Chapter XII, we have a mutual characteristic of a 
tube. The characteristics are drawn for zero resistance and for 
25000 ohms resistance in the plate circuit. 


FIGuRE 3. 
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Assume we have a B battery of 90 volts in the plate circuit and 
that we must keep the mean grid potential zero. Then a D.C. 
ammeter will show about 1.8 milliamperes in the plate circuit. If 
we apply positive potential, five volts to the grid, the plate current 
is 2.8 mil. amp. If the potential is negative five volts, the current 
is about .8 mil. amp. The total change of grid potential is 10 volts. 
But this is an alternating potential. The virtual value is 5/+/2 
volts. In like manner the total change of current is 2 mil. amp. 
and the virtual value of this is the maximum swing on either side 
divided by the square root of two, or 1/\/2 mil. amperes. This is 
grid potential, and the plate potential is » times this, so the 
power is 


(u5//2)(1/+/2) = 45/2 milli watts. 


If we double the grid potential and work between plus and minus 
10 volts we have a total change of current a little less than 4 
mil.-amps. Then our A.C. potential is 10/\/2 and the current is 
2/\/2. The power is u20/2=10 milliwatts. This brings out the 
fact that the power is proportional to the volts squared. 

The plate characteristics lend themselves to computation of 
power better than the mutual characteristics. 

In the last calculation we said that the current was a little 
less than 4 mil. amps. It is really only 3.5 mil. amps. This is due 
to the curvature of the characteristic curve near the bottom. 
Another effect which does not show up on the curve is that 
there will be distortion due to the fact that to the right of grid 
zero line we have grid current. Since these curves were taken with 
direct current, distortion apparently does not show up. But with 
alternating current there will be distortion due to the grid current. 
To prevent distortion we are limited in the voltages we can use. 
We must use the curve to the left of zero and not go too far to the 
left. Perhaps we can safely say we can work between zero and 
negative eight. To do this we must have a negative C battery of 
4 volts. Our current will then be from .5 mil. amp. to 3.8 mil. 
amps. The power then is (u/8)(4X3.3) mil. watts. This is the 
undistorted output of the tube at 90 volts on the plate, assuming 
our characteristic is a straight line. 

363. Use of Plate Curve. The plate characteristic curves lend 
themselves to the calculation of power. Figure 5 is the plate 
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characteristic of a 371 tube. The straight line AC shows the varia- 
tion of potential when the tube is connected to a load resistance of 
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Ficure 5. 


4000 ohms. The negative reciprocal of the slope of this line is 
the resistance. On this line at 180 volts we have a current of 20 
mil. amps. 

.020 X 4000 = 80 volts. 180+ 80 = 260 volts. 
This is the potential of the B battery necessary to put a potential 
of 180 volts on the plate when the current is 20 milliamperes. 

The maximum potential swing of the plate can be about 75 volts 
on either side of 180 volts, or from 105 volts to 255 volts. The 
current swing is from 2 to 38 milliamperes. If this is alternating 
current, the current is $(36)/\/2=18/1/2; the A.C. voltage is 
75/+/2; the power is 1350/2=675 milliwatts. The grid potential 
is about —40 volts. With 260 volts in the B battery we must use 
a —40 volt C battery, the average potential on the plate being 
180 volts. 

364. Limits of Power. It will at once suggest itself to one that 
all that is necessary to increase the output of a tube is to increase 
the B battery potential and the negative grid bias. There are 
limits to this. The tube is insulated in the base and in the mash 
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for a certain maximum voltage. If higher voltages are applied 
this insulation is liable to break down. And again, in an amplifier 
there will be times when the tube will be idle. The plate must be 
able to dissipate the energy of the B battery when the tube is not 
in use. The tube can be run at a dull red heat but not at white heat. 
This last, the safe dissipation, limits the power. It will be apparent 
the power can be increased if we can allow some distortion, pro- 
vided the tube is not damaged. 

365. Distortion. Distortion in amplifiers can be introduced, as 
has been stated, if the tube is overloaded. By overload it is meant 
that the grid swing on the characteristic curve is to the point on 
the right where grid current flows, and t the minimum value, 
the point on the left, where the curves are not straight at the foot 
of the characteristic. Distortion can also be introduced in the 
coupling coil. If the signals are great enough to swing the current 
in the transformer so it works near to or above the knee of the 
magnetization curve of the core of the transformer, distortion 
will be introduced. 

Figure 6, is a magnetization curve 8 
fon aesample of iron—a BH curve = 
as it is sometimes called. It shows the nt 
relation of the current in the primary 
coil to the E.M.F. in the secondary 
coil. As long as we operate below the 
bend of the curve, the current and 
E.M.F. produced are proportional. 
If the current becomes too great the 
E.M.F. is not proportional to the 
signal and the signals are distorted. FIGURE 6. 
Hysteresis losses also increase with 
the strength of the current and introduce distortion. 

A transformer in the last stages is lable to be overloaded. 
It should be determined beforehand that the transformer is large 
enough to care for the loudest signal. 

366. Effect of Plate Current. In audio amplifiers there is a direct 
current through the primary coil. This current places the point 
of operation at some point such as at a in Figure 6, instead of at 
zero. This limits the capacity of the transformer and is liable to 
introduce distortion. 
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367. Push Pull Amplification. In push pull amplifiers we have 
special transformers as illustrated in Figure 7. The input trans- 
former has a secon- 
dary coil with a con- 
nection made at the 
center of the coil. 
This is called a mid- 
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T-2408 or T-2922 245 T-2880 or T-2903 E battery bias are 
Frcure 7. Thordardson R-245 push pull connected to the mid- 
amplifier with power supply. tap of the secondary 


of the input trans- 
former. The grids are connected te the two terminals of that 
coil. The plates are connected to the terminals of the primary of 
the output transformer and the positive terminal of the B battery 
is connected to the transformer’s mid-tap. 

When a signal is introduced into the input transformer the 
grid of the first tube is positive, while the grid of the second is 
negative. The plate current of one tube is increasing as the 
plate current of the second is diminishing. The increasing current 
and the diminishing current induce a current in the secondary 
of the output transformer in the same direction. The tubes are in 
parallel and the power capacity is twice that of one tube. 

Distortion is diminished in two ways. If the signal is such as 
to throw the operating point down on the curved part of the 
characteristic in one tube the other tube is operating on the 
upper or straight part of the curve. This averages the effects in 
the input transformer. In the output transformer the plate currents 
are flowing in the opposite directions and the D.C. components 
neutralize the magnetization effects in the transformer. The 
signals are symmetrical with respect to the zero point on the 
magnetization curve of the transformer, independent of the 
amount of D.C. plate current. In this manner the full capacity of 
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the last, the output, transformer can be used without distortion, 

and as a usual thing it is the last transformer which is overloaded. 
368. Conditions for Maximum Output, Low Distortion in Power 

Tubes. In Figure 8 we have a power tube connected to a load re- 

sistance in the plate circuit. The problem is to 

find the value of the resistance, R, which will 

give maximum output when there is no distortion. 

Distortion is introduced when the grid is positive 


enough to have grid current and when the point R 
of operation on the curve is on the lower bend. 

Figure 9 shows the plate characteristic curves + 
for the tube. The grid current is supposed to flow , ; 
when the potential of the grid is higher than zero. Ces 


The horizontal line marked Jin. gives the lower 
limit of the current in order to avoid distortion represented by 
the lower curve of the characteristic. 
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FIGureE 9: 


The line AOB is drawn such that the tangent of the angle OBP 
is equal to the reciprocal of the resistance, R. This will be seen 
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if we remember that the potential of the plate, Pd= E—JR, where 
E is the E.M.F. of the B battery. Then R=(E—FPd)/I. But the 
tangent OBP is equal to current divided by electromotive force. 
It is well to remember that the slope of the plate characteristic 
is equal to the reciprocal of the plate resistance, R,, Chapter XI. 

Suppose the B and C batteries are adjusted for steady conditions. 
The point of operation is at O, and an alternating potential is 
placed on the grid which will swing the current and potentials 
between the limits A and B. The current change is (Imax.—Jmin.) 
and the potential change is (Emax.—Emin.). The virtual current 
will be the swing of current to either side divided by the square 
root of two. 


Taos = (Lge — Ieea iV ORD and acts ae (G25. — Emin.)/ 2/2. 
Power, P=E[= Bien rs Waste) Cie. —Inin-) aad (BQ) (AQ)/8 3 
The resistance, R= BQO/AQ. The tube resistance, R,>=AN/MN 
=1/2(BO/MN),so that BO=2R,(MN). And power, P=R,(MN) 
(AQ)/4=R,(MN)(NP)/4. But MN+NP=const. and since the 


power is equal to their product the power will be a maximum 
when MN=NP. 


Since 
R=BO/AQ=BO/NP=BO/MN and R,=3(BO)(MN) 
R=2R5. 


The load resistance equals twice the tube resistance for maxi- 
mum undistorted output. This, however, is not the condition 
for maximum power amplification. Maximum power amplification 
is met with when the load resistance is equal to the resistance of the 
tube. This is illustrated in Figure 10. 

It must be remembered that maximum undistorted power here 
is calculated on the assumption that the grid swing will be a certain 
amount. In application this will be for the most intense sounds. 
The output can be increased by allowing a certain amount of 
distortion on the loud notes. The limits then will be a certain 
amount beyond the grid current limit and to some extent on the 
lower curve of the characteristic. 

369. Percent of Distortion. The percent of distortion produced 
by this adjustment can be calculated from the formula which will 
be apparent. 
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Percent Distortion = 


One can see by referring to 
Figure 11 that if the curves 
were straight lines the dis- 
tortion as calculated by this 
formula would be zero. 

The above theory assumes 
a pure resistance load. It has 
been found that an inductive 
load does not introduce much 
more distortion under normal 
conditions. (Proc. Phys. Lon. 
SO0;el 21s) 

Care must be exercised in 
adjusting the tube not to 
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overload it. There will be ~8 ey 0 
times when the tube is idle | apie ee 
and the plate must be able to a 
dissipate the energy. Ficure 11. 


370. Choice of Tubes. In 
amplifiers all but the last 
tube are voltage amplifiers. The general rule is to use a small 
amplifier tube as long as the tube is not overloaded. 

The following table gives data for the common tubes used as 
amplifiers: 
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It may be well to call attention to the fact that the table gives 
E, for maximum undistorted power. The A.C. voltage on the grid 
should never be greater than this value. The grid bias should 
be that in column, &,, if the voltage on the grid is maximum. If 
the A.C. grid voltage is much less, the value of E, can be a greater 
negative value than this. The point of operation must be on the 
straight line of the characteristic, but the B battery current can 
be diminished by using more negative bias. With a large tube the 
plate may become too hot when the tube is idle. The safe dissipa- 
tion is given in the table in Chapter XIV. This table can be con- 
sulted on this point. In the last stage a tube is wanted which will 
give the most power per volts squared, provided the tube is not 
overloaded. 

If the intermediate stages do not increase the voltage to a point 
such that the last tube, power tube, is overloaded, it will, as a 
general thing, do no good to use a larger tube in the last stage. If 
the voltage on the grid of the power tube is less than 6.36, it will 
do no good to substitute a 171 tube for the 201A. It will do very 
little good to use a 210 tube. A one horsepower engine can carry 
a one horsepower load as well as a ten horsepower and do it much 
more economically. 
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Schematic of the No. 32-A. Amplifier 


Ficure 12. 


The tube must in all cases be coupled to a load—loud speaker— 
which will match the impedance of the tube. If the load is not 
matched a transformer of suitable design must be used to couple 
the load to the tube. 
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371. Examples of Modern Amplifiers. Figure 12 is a diagram of a 
Western Electric Company amplifier used for amplification in a 
small public address system. The maximum output is a five watt 
tube. Three small tubes are resistance coupled together to amplify 
the voltage. These tubes are transformer coupled to the last tube. 
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The condensers used as coupling are large condensers. The power 
is taken from the lighting circuit. A five watt tube, 205D, with the 
grid and plate connected together, is used as a two electrode tube 
rectifier. This is a combination of resistance and transformer 
coupled amplifier. 
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Figure 13 isa diagram of two amplifiers. The top is the amplifier 
used at a distant studio. The speech is amplified and placed on 
the long distance telephone lines. In the case of the second ampli- 
fier, at the bottom of the figure, the speech is picked up from the 
long distance lines at the transmitting station, is amplified and 
placed on the power amplifier of the station. Or the bottom ampli- 
fier may be used as a repeating amplifier for trans-continental 
transmission. 

Figure 20 Chapter XXIV, is a diagram of a Western Electric 
5 K.W. broadcasting station, showing an audio speech input 
amplifier. This is an impedance coupled amplifier. In the oscil- 
lating circuit amplifier we have a combination of impedance and 
transformer coupled circuits. 

Figure 19, Chapter XXIV, isa diagram of a 1 K.W. transmitter. 
We have resistance coupling in the speech input amplifier. It is 
noticeable that where audio transformers are used the secondary 
coil is loaded with a resistance. In this manner the balance of loads 
may be obtained. The power taken by the grid of a tube is rather 
uncertain. The resistance makes a real load and the grid potential 
is that across the load. 
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Figure 7 is a diagram of a push pull Thordarsen amplifier using 
245 tubes. This amplifier is constructed to connect to the lamp 
socket. Since the plate potential for the 245 tube is relatively low, 
a single 280 rectifying tube furnishes the plate potential for the 
amplifier and the set. 
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Figure 14 shows a response curve in which the output potential 
at the load is measured against frequency. The voltages shown de- 
pend upon whether the load was low or high impedance. The 
resistance load was a high impedance. This makes the voltage 
high. The test is in the “flatness” of the curves. 

In curve C, the amplifier was slightly overloaded. 
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372. Reflections. A balanced circuit is one which is so arranged 
or connected that there will be no distortion of the signals. This 
condition will be seen to be necessary in circuits connected with 
Radio Broadcast apparatus. In apparatus used in testing trans- 
mitters and other apparatus it is necessary to see that the test 
instruments do not change the conditions so that the results are 
worthless. 

The fundamental condition is that there be no ‘“‘reflections.”’ 
In the audio part of radio receiving apparatus we are dealing 
with alternating current of many frequencies. If there are reflec- 
tions the reflected energy may produce interference effects with 
the energy as represented by the incident current or waves. 
This energy of a particular frequency combining with waves of a 
second frequency may produce waves of another frequency. 

This third frequency not being in the transmitted wave may 
produce distortion in the received current producing poor quality 
in the tones from the loud speaker. 

In electrical transmission of power the frequency of the current 
is one frequency alone, any reflections produced will have the 
same frequency and any number of waves combining in any 
manner always produce a resultant wave of the same frequency. 
So the balanced circuit is not thought of in ordinary power trans- 
mission. The criterion in power circuits is maximum efficiency. 
The efficiency of power apparatus usually is from 80% to 95% or 
over. In broadcast audio transmission, efficiency is forgotten in 
the attempt to get quality. 

373. Rope Analogy. If one has a long rope stretched and tied 
at both ends it is possible with little effort to produce what are 
known as standing waves. If the stretched rope is struck near one 
end a sharp blow with the hand or a stick a wave will be seen to 
run as a trough to the far end and then come back as a crest and 
then be reflected from the near end again as a trough. If the rope 
is struck at regular intervals, intervals which are commensurate 
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with the motions of the wave on the rope it will be seen that 
standing waves are formed. Crests always meet troughs at certain 
points and produce nodes, and crests always meet crests at certain 
points and troughs meet troughs at the same points and produce 
points of great disturbance. Thus the disturbance on the rope at 
any instant is made up, largely, of the disturbances which were 
started a considerable time before. 

If the rope were infinitely long the disturbance or trough would 
go out to infinity and never come back and we would have no 
standing waves or reflections. If the end of the rope were so 
arranged that it could absorb the motion of our trough when it 
hits the end there would be no reflections and it would be impos- 
sible to produce standing waves by reflection. 

In our electrical circuit if the output impedance can be arranged 
to absorb all the energy as it comes then there will be no reflections 
and no distortion. Under this condition the load is a balanced load. 

374. Condition for Balance. The theoretical consideration is 
too far advanced to give here but it can be shown that this condi- 
tion is met when the output impedance is equal to the input 
impedance. Pierce’s Electrical Oscillations, equation (37), p. 293. 

This condition is also the condition for maximum output of an 
electrical circuit. In Chapter I we have 
shown that the maximum output of a 
battery is obtained when the external re- 


NW 


sistance is equal to the internal resistance 2 

of the battery. The two conditions hap- Ee 

pen to be the same. We make the output 

impedance equal to the input impedance Ficure 1 


in order to have no reflections and not 

because we wish a maximum output. We are willing to sacrifice 
efficiency, maximum output, and most everything else in order 
to get quality transmission. Fortunately we do not need to 
sacrifice maximum output. 

375. Attenuators. An attenuator is a shunt so arranged that the 
circuit is balanced. Perhaps we might say an attenuator is a 
“quality shunt.’”’ If we have a shunt as in Figure 1 connected to 
a galvanometer it can be shown that J,=JS/(S+G) where J, 
and J are the currents in the galvanometer and the total current 
through the battery respectively, and S and G are the shunt and 
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galvanometer resistance. If we assume the circuit is balanced 
before the galvanometer is shunted, i.e. the galvanometer and 
battery have the same resistance, the circuit is not balanced 
after the shunt is placed across. If J, is 1/10 of J, then the resis- 
tance of the shunt is 1/9 of the galvanometer resistance and the 
resistance in series with the battery is less than 1/9 the galvanome- 
ter resistance. 

If we wish to keep the circuit balanced we must put an extra 
resistance in series with the battery and also a resistance in series 
with the galvanometer as well as the shunt. In that case we have 
a circuit like that of Figure 2. 

We have a shunt or attenuator made up of two resistances, X, 

and the shunt resis- 
pee EIS x Xo peaa------ Tntancess 7 mconnecred 


‘ \ \ 6 

Z : ee ' to a source and sink. 

' SOURCE y: SINK | y i 

| +e Since the impedances 

La es oe oe a earae eel tiae le ene ee ! are supposed to match 
FIGure 2. without the attenua- 


tor the two impe- 
dances, or resistances of the source and sink must be equal. As- 
sume these impedances are Z ohms. With the attenuator in the 
circuit the impedance of the attenuator, looking from the source 
to the attenuator, must be equal to Z ohms. Likewise the at- 
tenuator looking backward from the sink to the attenuator must 
have Z ohms. The resistance of the shunt combination looking 
into either end of the attenuator isX+[V(X+Z)/(V+X+4+Z)]=Z. 
From this we have Y=(Z?— X*)/2X. In terms of the equation of 
a shunted galvanometer, we have 


T=1jY/(V+X+Z) or Y+X+Z=kY where k=1)/T 


From this we get Y=(X+Z)/(k—1). Combining these two 
values of Y we get, 


(1) X =Z(k—-1)/(k+1). 
Substituting this value of X into the value of VY we get 


(2) V =2Zk/(k2—1). 
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It is usual to make the form of the attenuator into the form of 
Figure 3 in which the X of Figure 2 is divided into equal parts then 


(3) X=(Z/2)(k-V)/(k+1). 


This renders it so that the attenuator can be grounded at its middle 
point by grounding the middle point of Y. 
Attenuators are made so that the 


attenuation or shunting can be changed = —www 

from one value to another simply by 

moving switches. Figure 4 gives the Oa — x 
diagram of such an attenuator. Figure —§ —wwww—www 

5 shows an attenuator made by the FIGuRE 3. 
General Radio Company. These atten- 

uators are made to match a certain impedance, Z, 6000 ohms, 600 
ohms etc., and should not be used except in circuits in which the 
impedance matches that of the attenuator. 

The attenuation can be given in terms of & or rather in terms 
of 1/k, the reciprocal of the ratio of currents. It is usual to give 
the attenuation in terms of decibels, db, where k=10”/?°, or N, the 
number of decibels, is twenty times the logarithm to the base 
ten of k. N=20 logio 1o/f. The decibel is the same thing as the 
transmission unit. 


LAdLNO 


FIGURE 4. 


376. Decibel. The decibel or transmission unit as it was 
formerly used is a unit which has developed in telephone trans- 
mission work and has been applied to circuits and apparatus 
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which produce sound. 
It is a natural unit 
based on the human 
ear. It has been 
found that the av- 
erage human ear 
can distinguish be- 
tween the intensity 
of two sounds if 
they differ in inten- 
sity by one decibel. 
It is found that the 
ear does not dis- 
tinguish absolute intensities very well but when it comes to dis- 
tinguishing relative intensity of two sounds the agreement is much 
more close. The number of decibels between two sounds is ten 
times the logio of the ratio of the power or energy represented by 
the sound. Thus V=10 log P:/P:. Since power is proportional 
to the square of the current, V=10 logio I7,/I,2=20 logio Ii/Te. 
The following table gives the relative values of decibels, V, and 
k. Where k is the ratio of currents. 


FrcureE 5. 


N k N k 

1 22 8 Zeoll 
2 oe) 9 2.82 

3 1.413 10 3.16 

4 1.585 20 10. 

5 AS 40 100. 

6 OOS 60 1000. 

7 2.24 80 10000. 


Divide the columns marked WN by two if & is the ratio of power. 

377. Decibels Up. Decibels Down. In an attenuator the attenua- 
tion is downward. The output is less than the input. Then the 
output is so many decibels down. In an amplifier the output is 
greater than the input and the attenuation is so many decibels up. 
In a telephone line the attenuation is down. At the repeating 
station where amplifiers are used the attenuation is up. The 
amplification makes up for the attenuation in the line proper. The 
level is kept above line noises. 
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In response curves such as that of a loud speaker some value is 
taken as a “zero” value. If at some points the intensity is greater 
than this value, it is so many decibels up or positive. If the in- 
tensity is less than this zero value, the curve is so many decibels 
down or negative. 

378. Calculation of Decibels. In taking a set of data one can 
take the ratio of the power or the ratio of the current and calculate 
the number of decibels in each case. It is much easier when one 
has data like that in a response curve to arrange the readings in 
a column with two or three blank columns beside the data. In 
the first column place the values of the logarithm of the data, 
using a table to the base ten or a slide rule. Multiply these values 
by ten or by twenty according as the original values are given in 
power or current. Select some average value as the zero value and 
subtract this. value from the other values. Remember log (x/y) 
=log «—log y. 

After the ‘‘zero”’ value has been subtracted from the larger 
values we have positive values, decibels up. After this has been 
subtracted from the smaller values, or rather, after the smaller 
values have been subtracted from the ‘‘zero”’ value we have deci- 
bels down. 

379. Filters. A filter is a combination of coils and condensers to 
filter out or stop certain frequencies. It is beyond this book to go 
into the theory of filters and derive the equations. A general state- 
ment of the final equations will be given. A perfect filter is one 
which will stop the undesirable frequencies and pass the others 
without attenuation. Theoretically this can be done if coils and 
condensers without resistance can be used. With actual coils 
and condensers this can be approached to a degree. ‘The cutoff 
frequency is that frequency at which the attenuation starts. The- 
oretically all frequencies on one side of this cutoff frequency are 
stopped and all on the other side are passed without attenuation. 
In actual filters this cutoff is not abrupt but more or less gradual. 
To calculate a filter we must know two things, the cutoff frequency 
and the impedance of the source and sink. It is assumed that the 
circuits have been matched before the filter is placed in the circuit 
and that the impedance of the filter matches these impedances. 

We shall content ourselves with two simple filters, a low pass 
filter and a high pass filter. Each of these are shown in two forms, 
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T and = section filters. The formulas given apply to coils of zero 
resistance. In “‘sound”’ circuits it is usual to use honeycomb coils 


and apply the same equations. 
A filter may be of one or more sections. As a usual thing not 
more than three sections are used. The two equations used are, 


@p— 2) ie wand eh = 7G 
where w»=27m, mo being the cut off frequency, and R=Z the 
impedance of the source and sink. From the above we have 


T= 2R/wo= .3183R/19 Henries. 


and 
C=2/woR= .3183/(moR) Farads. 
These equations apply to Figure 6. 


Figure 6 shows a low pass T type, filter, one and three sections, 
also one and three sections of a m type filter. 
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Figure 7 shows a high pass filter, 7 type, one and three sections, 
and one and three sections of a 7 type, high pass filter. 
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The equations for a high pass filter are 
@p=1/Qs/ L/C) and —R=~/ D/C 
from which we get 


L=R/2wo= .1592R/m) Henries. 
and 
C=1/(2woR) = .1592/(mpR) Farads. 
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For theory of filters consult Pierce’s “Electrical Oscillations” Chap- 
ter 16; Johnson’s “Transmission Circuits,” Chapters 16 and 17. B 
battery eliminators have fil- 
ters whose cutoff frequency 
is below 60 cycles. 

380. Matching Impedances 
with a Transformer. Tf the 
impedance of the output and FicureE 8. 
the impedance of the input 
circuits are not equal, the circuits can be coupled with a trans- 
former of proper ratio to match the impedances. 

Let us assume we have a transformer as in Figure 8 which is 
connected to a 100 volt generator. If the secondary coil has ten 
times the number of turns as are on the primary, there will be an 
E.M.F. of 1000 volts in the sec- 
ondary. This will deliver one ampere 
to a resistance of 1000 ohms. The 
current in the primary will be 10 
amperes. The generator whose 
E.M.F. is 100 volts could deliver 10 
amperes to a resistance of 10 ohms. 
Thus a thousand ohms in the secon- 
dary circuit looks like ten ohms in the 
primary circuit. Then Ri = Ro( E/E»)? 
The voltage ratio is the same as the 
ratio of the numbers of turns of wire 

FIGuRE 9. in the coils. Then 2,/Z.=(m/n2)?. 
Thus if the impedances are known 
a transformer can be built with the proper ratio of turns so the 
impedances will match when the input is coupled to the output, 
i.e.: tube to a loud speaker. 

Figure 9 is a coupling transformer made by the Samson Elec- 
tric Co. If the transformer has appreciable resistance or losses, 
these losses must be taken into account but the above gives a good 
approximation to the correct result. 
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CHAPTER XXVIII 


LOUD SPEAKERS 


381. Types of Speakers. The earliest loud speakers were simply 
telephone head sets with horns. From this beginning there has 
developed what are known as electromagnetic speakers. The float- 
ing coil speaker or the electro-dynamic speaker has come into gen- 
eral use during the past two years. However the Magnavox loud 
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Ficure 1. 


speaker, which is a dynamic speaker, was in use before the days of 
broadcasting. 

In recent months two new types of speakers have appeared, 
the electrostatic speaker and the inductor type speaker. 

382. Characteristics of a Loud Speaker. A good loud speaker must 
be able to respond to any frequency within a certain range, 30 to 
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7000 cycles, in a manner which is proportional to the input power 
at that particular frequency. Figure 1 illustrates the various fre- 
quencies as they relate toa piano keyboard. This means that there 
must not be resonance in any of the electrical circuits or mechanical 
parts of the speaker. Mechanical resonance in the mechanism 
will appear as electrical resonance in the electrical circuit, or 
vice versa, electrical resonance would seem to cause mechanical 
resonance in the mechanism. It will be remembered that the 
current in a resonant circuit is greatly increased when the circuit 
is tuned to resonance. 

383. Magnetic Type. In the magnetic type of speaker which, in 
its simplest form, consists of a horseshoe magnet with windings 
which strengthen or weaken the poles according to the direction 
and strength of the current, the diaphragm, which consists of a disc 
of sheet iron, has resonance frequencies and tends to emphasize 
certain tones. A disc or plate has many types or modes of vibration 
so there may be many resonance peaks. 

The condenser microphone has gotten away from these resonance 
peaks by using a stretched diaphragm in which the resonance peaks 
are at high frequencies out of the audible range. The electrical 
circuit to which the condenser microphone is connected is a high 
resistance removing the danger from electrical resonance. How- 
ever, the output of the condenser microphone is very low. The 
stretched diaphragm necessarily makes the amplitude of vibration 
small and therefore the output of the speaker is small. It is there- 
fore impossible to use this principle in speakers in the same manner 
as it is used in microphones. 

Some speakers have used diaphragms with circularly pressed 
corrugations, rendering the diaphragm more pliable and in this 
manner getting greater amplitude. 

The field in the neighborhood of the pole pieces varies as a high 
power of the distance from the poles, rendering the motion com- 
plex. If the strength of the pole increases the disc moves towards 
the pole and the attraction increases on account of the change in 
distance. The force, therefore, is not proportional to displacement 
as it should be for pure simple harmonic motion. Suppose a high 
note and a low note are sounded together. The disc vibrates with 
respect to the low note moving in and out. The disc must vibrate 
also in unison to the high note. When the disc is close to the 
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magnet due to the low note, the amplitude of the high note will 
be greater than the high 
note amplitude is when the 
disc is in opposite phase, 
due to the low note. 

Taking everything into 
consideration it is difficult 
to get a magnetic type of 
loud speaker in which there 
will be no resonance peaks. 

Ficure 2. An early type of loud speaker. These magnetic type speak- 

A Baldwin mica disc phone and a horn. ers were coupled to horns 

and it was supposed that 

the horn by many twists and turns could make up the deficiency. 

Figure 2 isa loud'speaker made of Baldwin mica disc phones and 
a horn. io 

384. Horns. A horn in its most simple form is a long cylindrical 
tube open at both ends. The moving dia- 
phragm is at one end and the other is open 
as in an open organ pipe. The length of the 
tube is one half wave length. In a resonance 
column there is always a question of where 
the column ends. It is customary to adda 
certain fraction of the diameter of the tube 
to the length of the tube. This fraction de- 
pends to some extent on the frequency. In 
a flaring column or horn this uncertainty or 
variation with the pitch becomes more pro- 
nounced. The resonance column must be 
longer for low notes than it is for high notes. 
If the flare can be made so the length of the 
theoretical column is inversely proportional Ficurr 3. Exponen- 
to frequency then the horn is resonant for tial horn. 
all frequencies. 

385. Exponential Horn. The exponential horn is one in which 
the length is, theoretically, inversely proportional to wave length. 
Figure 3 gives an exponential horn. To be resonant at low 
frequencies the horn must be very long. A long horn is unwieldy 
so it is twisted up into many forms in order to conserve space. The 
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assumption is that the twisting does not change the properties of 
the horn. A peculiar twist also makes a good talking point for the 
salesman. 

The exponential horn is one in which the area of the cross section 
is proportional to the logarithm of 
the length. A=log, (x+c) or {15 
(x+c) =e4. 

This is illustrated in Figure 4 
in which a curve is plotted using 
length and area. If the area of the 
horn at the small end where it 
joins to the speaker unit is a cer- 
tain area, for simplicity say one LENGTH 
square inch, then at a certain dis- v f j 4 
tances I foot, say, the area is 2 FIGURE 4. 

SQminssdt 2 itt is 4 sq- in. ates 

ft. 8 sq. in.; 4 ft. 16 sq. in. The area is doubled for each unit of 
length added. If the horn is extended until it is 11 feet long the 
cross section is 1924 sq. inches or if the horn has a square cross 
section the sides of the square are 32 inches. [If 13 feet long the 
sides of the square are 
64 inches. If 15 feet long 
the sides of the square 
are 10 feet 8 inches. 

386. Dynamic Speak- 
ers. The dynamic speaker 
consists of a floating coil 
ina radial magnetic field. 
The radial magnetic field 
is produced by a coil with 

Ficure 5. a core and a magnetic 

shell shown in cross sec- 

tion Figure 5. The floating coil is wound on a light form and is 
supported so it can vibrate up and down. The coil in the modern 
dynamic speaker is fastened to a wide angled paper or parchment 
cone. This cone is supported at the rim with buckskin or soft 
leather. In this manner the cone can vibrate as a whole with a 
a rather large amplitude. The cone vibrates also in parts as a 
plate or bell. The floating coil has low impedance, low resistance 
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and a small number of turns. In this manner the resonant fre- 
quency of the coil is very high. By proper construction of the 
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cone the mechanical resonant frequencies are mostly eliminated 
or distributed fairly uniformly over the audio frequency band. 
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Figure 6 isa diagram of a high class dynamic speaker. Figure 7 
gives response curves for this speaker. Two curves are shown 
taken by two observers on the same type of speaker. These curves 
show how curves may vary according to room, angle, and general 
conditions. 

The field coil of the dynamic speaker requires direct current. 
This direct current can be furnished by a 6 volt storage cell or any 
other means such as 110 volt D.C. lighting circuit. As a usual 
thing the current is furnished from a 60 cycle lighting circuit 
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employing some form of rectifier. In some sets this coil is made 
one of the choke coils in the B battery power supply for the 
receiving set. 

The cone of the dynamic speaker should be fastened to a baffle 
board. The purpose of this baffle board is to prevent interference 
between the waves from the back and the front. Without the baf- 
fle board, regions of intense and minimum sounds can be detected 
if the speaker is emitting a sustained tone. Theoretically this 
baffle board should be infinite in dimensions. However, a board 
two or more feet in dimension will serve. If the speaker is placed 
in a closed cabinet, the cabinet will serve for the baffle board. 
For permanent installations a hole can be cut in the wall of a room 
over a closet door, and the speaker mounted in the closet, the 
hole being covered with a decorated screen of thin material. 

387. The Inductor Dynamic Speaker, A new speaker which has 
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appeared during the past year 
Fis known as the inductor dy- 
namic speaker. The principle 
can be seen from Figure 8. A 
horseshoe magnet has its poles 
of peculiar shape. It will be 
seen that the poles are divided 
into two parts. 

The inductor which con- 
sists of two pieces of magnetic 
material is supported on the 
ends of a metal rod. The dis- 
tance between the two pieces 
is somewhat greater than the 
distance between the two 
poles. They are held in an 
unstable position, unstable 
with respect to the magnetic 
circuit, by means of two spring supports. If the current flows as 
indicated by the arrows in Figure 8, P; is strengthened and P is 
weakened. This causes the inductor to move in the direction 
from A; to Ao. A reverse current will of course reverse the effects. 

In this speaker the displacement is closely proportional to the 
force or current giving good response. 


The claim made forit is thatit will give 
response equal to the dynamic speaker SSS SSSS|3S sss 


Lip NT hig ee, 
and that the cost and upkeep is rela- Ving ety, 
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FIGuRE 8. 


tively low. A permanent magnet is a 
used and there is no need of a field Ficure 9. 
current. 


385. The Electro Static Loud Speaker. A new speaker called 
the electro static loud speaker depends upon the electrostatic 
force between two plates of a condenser for its moving force. It 
consists of a corrugated plate, a, Figure 9 and over this a special 
rubber plate. This rubber plate is thin, somewhat like dental 
rubber. The back side of this has a special flexible conducting 
coating. In the figure, 6 is the rubber sheet, and c is the con- 
ducting coating. The sheet being very thin, the two ‘‘plates”’ of 
the condenser are brought very close together on the ridges of the 
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corrugated plate, a. When the plates are charged there is a ten- 
dency for the rubber to be sucked down into the valleys. This 
causes the vibrations which disturb the air. 

To increase this action a permanent potential of a few hundred 
volts is maintained between the plates. This is similar to the 
condenser microphone. This D.C. potential is maintained from a 
rectifier in which a 201A tube is used as a two electrode tube. 
Figure 10 is an amplifier made by the Samson Elec. Co. which is de- 
signed to operate a loud 
speaker. 

389. Response Curves. A 
response curve is a curve 
which shows how a loud 
speaker responds to the 
various frequencies in the 
range of the human voice. 
It would seem that this 
would be a rather simple 
matter. All that is neces- 
sary is to produce the vari- 
ous tones with constant 
energy input and listen to the loudness produced by the speaker. 
The ear like the eye is not a very exact measuring instrument. 
The effect depends a great deal on the previous history of the ear. 
One is dazzled when he comes out of a dark room into the day- 
light. He is utterly blind when he goes from ordinary daylight 
into a poorly lighted room. The response of the ear like the eye 
depends upon the previous excitation of the ear, or upon the 
tones, which were sounded immediately before. 

The method of measurement consists in energizing the loud 
speaker with current from a beat tone oscillator. The oscillator 
should be one which will give constant output at all frequencies. 
However a vacuum tube voltmeter can be placed across the 
speaker terminals and the oscillator adjusted to the same poten- 
tial at all tones or a thermo instrument can be placed in series in 
order to keep the current constant. This does not necessarily 
mean that the input energy is the same, unless the speaker is a 
resistance load. If there is reactance in the circuit the reactance 
will vary with frequency and the energy will change from reading 
to reading. 


Ficure 10. 
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The sound energizes a microphone Figure 11 and the amplified 
output is passed through a hot wire or thermo instrument and 
readings are taken. This assumes that the response curve of 
the microphone is constant, or that the amplifier has a straight 
line response curve, or at least that the curve is known. 

In order to get this condition the circuits and loads must be 
balanced and tested. 

The reading should be taken out of doors in an open field free 
from all noise and wind. It will be evident that in most cases 
this is impractical. The apparatus should at least be tested out of 
doors and then compared with the values obtained in the test room. 


VT. Voltmeter 
+200v- 


Ficure 11. 


In a room there will always be certain room patterns or standing 
waves formed by the various reflections which will give distorted 
results. These standing waves move in space as the frequency is 
changed and if a standing wave happens to fall on the microphone 
the response will be greater than if a minimum or destructive 
interference point happens to fall on the microphone. It is cus- 
tomary to pad the room with sound absorbing material and absorb 
the energy. If all were absorbed there could be no standing waves 
and the conditions would be the same as in an open field where 
the sound all goes out to infinity. In even the best padded rooms 
there is some reflection so all rooms have room patterns. If the 
room is large the reflections are more scattered and the patterns 
are not so pronounced. 

An argument might be made that a padded room is not the same 
as an ordinary room and that a response curve made in a padded 
room will not show the actual conditions. 

Another method suggests itself from the analogy of light. The 
intensity of alamp may be made in a dark room with black walls 
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or the lamp may be placed in a spherical enclosure with a good 
reflecting surface. The sphere is filled with energy and the inten- 
sity of the light in the sphere is taken as a measure of the lu- 
minosity of the lamp. The apparatus might be set up in a room 
with reflecting walls and the total noise measured. This of course 
will assume that the walls reflect the same for all frequencies. 


Ficure 12. Sound Measuring Room of the Bell Laboratories. Note 
the revolving microphone and the exponential horn. 


The microphone is usually placed at a fixed point in front of the 
loud speaker. It is found that if the microphone is moved to the 
side the intensity falls off with the angle. The speaker or horn 
seems to have a beam effect in that a large percent of the energy is 
projected out something like light from a spot light. The shorter 
the waves the more this beam effect. Long waves seem to spread. 
Directly in front the measured intensity of short waves is greater 
than the measured intensity of long waves. To the side, at certain 
angles, the reverse is true. 

To avoid the room patterns and to get more of an average value 
over the entire beam the Bell Laboratories have devised a method 
in which the microphone is rotated about a circle several feet in 
diameter. The plane of the circle is inclined at an angle with the 
horizontal. If the period of the rotation about the circle is short 
compared to the time it takes for the junction to heat up to its 
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final value the readings will be average values over the entire 
space. This also eliminates or gives average values for the room 
patterns. Figure 12 shows a picture which will give the general 
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FicurE 13. Curves showing current input for an old dynamic speaker and 


sound response for both old and modern dynamic speaker. 
With field remove the current input is a smooth curve. With the field a decided 
diminution of current when the sound response is great. This is unusually large 
without horn and when the horn is replaced with a cork. 
The response curves seem to be rather irregular due to the mangification of 


the ordinates. 


The author suggests that if the microphone and loud speaker 
were mounted on the ends of a 2” x 4” board of suitable length and 
this as a whole were swung from the ceiling of a rather large room 
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and made to vibrate in a more or less “regular irregular’ fashion 
the average reading of the thermo instrument would give the 
average response in an ordinary room. If it were arranged so that 
the loudspeaker could oscillate about a vertical axis through an 
angle of several degrees the beam effect would be averaged out. 

Certain precautions should always be made. Tests should be 
made to see that there are no induction effects from the oscillator 
circuits; that there are no effects from vibrations of tubes. When 
the microphone is disconnected or covered with an absorbing cov- 
ering there should be no response for the loudest sounds produced 
in the speaker. 
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A carbon microphone can be used but a condenser microphone 
will give more even response for all frequencies. See Chapters XIX 
and XXIV. 

Curves are usually plotted on logarithmic paper in decibels. 
For definition of the decibel and method of handling data see 
Chapter XXVII. 

In comparing curves the scale to which the curves are drawn 
should be noted. Figure 13 shows curves for an old dynamic 
speaker and a modern speaker. Impedance curves for the old 
dynamic speaker are plotted on the same sheet. The roughness 
of the curves are magnified by the scale used. 

Figure 14 shows the response curves of four speakers. 1, is that 
of an early speaker which is primarily a short horn on a head set; 
2, is a horn speaker; 3, is an early cone type speaker; 4, is a modern 
dynamic cone speaker. 

Figure 7 shows two curves taken on the same type of speaker 
by different observers using different apparatus. 


CHAPTER XXIX 


RECTIFIED ALTERNATING CURRENT 


390. Introduction. In transmitting stations which use tube 
oscillators, as most stations do, high potential direct current 
electromotive force is needed on the plate of the tube. When the 
E.M.F. is greater than a few thousand volts, say 2000, it is usually 
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more convenient to use rec- 
tified alternating current than 
it is to use a direct current 
generator. The potential of 
alternating current can con- 
veniently be made any value 
wished by means of a trans- 
former. In the transformer 
there are no moving parts so 
it is much easier to insulate a 
transformer than it is to in- 


sulate the armature of a D.C. generator. Therefore it is more 
simple to make a rectifier than it is a high potential D.C. 


generator. 


Alternating current can be rectified by several relatively simple 
devices. Figure 1 (a) represents an alternating current of suitable 
voltage. This consists of a positive 


“hump” and a negative “hump” alter- 
nately. If this circuit is connected to 
the plate of an ordinary vacuum tube, 
the current flows when the plate is 
positive but there is no current when 
the plate is negative. The same will 
happen if we use a rectifying tube or a 
two electrode tube. The current can 
be represented by the diagram, Figure 
1 (6). In this the current which flows 


? fp 


FIGuRE 2. 


is always in the positive direction but it is very irregular. The 
value varies from the maximum value to zero, the value being 


392 
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zero half the time. The connection in this case is illustrated in 
Figure) 2: 

391. Complete Rectification. If the connection is as in Figure 3 
we get complete rectification. The current can be represented 
by the diagram in Figure 1 (c). In this case we assume we have a 
special transformer with a central tap on the secondary coil. If 
two tubes are connected as in 
the diagram, Figure 3, the cur- 
rent flows through the tube, a, 
when the plate is positive, giving 
the humps, 1, 3, 5, etc. The cur- 
rent flows through the tube, 8, 
when its plate is positive, giving 10 V. 
the humps 2, 4, 6, etc. Thus the A.C 
current which flows from the 
filaments of the tube is always in Ficure 3. 
the positive direction. If the 
curve is 60 cycles A.C., there will be 120 humps per second. The 
rectified current is a pulsating D.C., making 120 pulsations per 
second. If this potential is used on the plate of a transmitter tube 
we will have M.C.W., because the potential of the plate is not 
constant. The high frequency current which we would get can 
be represented by Figure 4, Chapter XXIII. 

392. Need of Filters. With this pulsating D.C. potential the 
transmitting sta- 
tion will be mo- 
dulated almost 
as much as the 
code transmitter 
diagrammed in 

CUED Figure 3, Chap- 

ter XXIII. -If 

this were used on a broadcasting station, the modulation would be 

so loud it would drown out all the voice and music. Before this 

can be used it must be smoothed out by means of a filter. The 

filter consists of inductance in series and condensers in parallel. 

The diagram of the connections is given in Figure 4. The coils, 

L, are iron core choke coils. The effect of inductance tends to 
make the current constant. 
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The condensers, which have a capacity of one or more micro- 
farads, act as a sort of storage tank for the excess electricity. 
When the current is increasing, there is a back E.M.F. in the coil. 
This raises the potential across the first condenser and it is charged 
up with a certain amount of electricity which is given out again 
when the current is decreasing and there is a forward E.M.F. in 
the choke coil. The second choke coil and second condenser act 

in the same general manner 

NONE NE WS and the final result is, pro- 
a& +. - vided the coils and con- 
densers have the proper in- 
b ene eet Sn ems ductance and capacity, a 
smooth direct current which 
C — = can not be distinguished 

FicureE 5. from that of a battery. 
The current) ava, igure 
3, can be represented by diagram A, Figure 5; the current at 0, 
Figure 4, can be represented by diagram 6; the final current by 
the diagram, c. 

393. Rectifying Tubes. The Radio Corporation of America’s 
Kenotron 280, 281, etc., tubes are made es- 
pecially for this purpose. Figure 1, Chapter X. 
They are made with filament and plate only 
and look very much lke the ordinary three 
electrode tubes. Tubes with different numbers 
are made in various sizes for various voltage 
rectification. 

Figure 6 is a two electrode rectifier which 
will handle potentials from 5000 to 10,000 volts. 

Figure 7, Chapter XXVI, is a diagram of 
connections to a three electrode tube con- 
nected in an amplifying circuit. It will be noted 
that three transformers are needed,—one to 
supply the high potential A.C. to the plates Frcure 6. A Rec- 
of the rectifying tube, one to supply the fila- _ tifier Tube. 5000 to 
ment current for the rectifying tubes, and a 10,000 volts. 
third to supply the filament of the three elec- 
trode tube in the amplifying circuit. The negative return can be 
connected to one side of the filaments, but it is much better to 
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have a connection to a mid-tap on the secondary of the filament 
transformers. If the negative returns through a choke coil just 
before entering the grid return, and if two condensers are con- 
nected in series across the filament of the tubes with the mid-point 
connected to the choke coil, the hum due to the A.C. in the filament 
can be much reduced. 

In Figure 19 Chapter XXIV, in the diagram of the five kilowatt 
station, is shown a rectifier giving current at 10,000 volts potential. 
This is from a three phase 60 cycle line. 

Mercury vapor lamps can be used as rectifiers. A new rectifying 
tube is coming into use which contains — 
mercury vapor. This tube can be used 
for very high potentials. Figure 7 
shows the UX866 tube which will 
rectify 8000 volts. 

394. B Battery Eliminators. B 
battery eliminators are devices to use 
rectified alternating current in the 
plate circuit of receiving circuits. 
They are in principle the same as the 
rectifier used with power tubes. Rec- 
tifier tubes may be used as rectifiers, 
or aluminum rectifiers may be used. 
The Raytheon tube is often used, 
Figure 8. The Raytheon tube isa 
special rectifying tube which rectifies 
Do Wmsides of the A.C: current. It ey xe ceR CA, 
consists of two anodes in a special Mercury Vapor rectifying tube. 
chamber filled with inert gas. This 
tube will rectify A.C. potentials of 200 volts to 250 volts and will 
furnish D.C. potentials up to about 150 volts. It has the advantage 
that no filament current is needed. The new UX280 and 281 tubes 
which do not require so much filament current have displaced the 
Raytheon to some extent. After rectification the current must be 
passed through the usual smoothing out filter of inductances and 
condensers. Since, in a receiving set the plate potentials of the 
various tubes vary from 20 volts to near 150 on the detector on 
the last power tube, provision must be made to get various po- 
tentials. This is done by means of resistances in series with the 
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circuit. Figure 9 is a diagram of the circuit. The values of the 
resistances and inductances are given in the figure. Figure 23, 
Chapter X XV, gives the values of the resistances used in the battery 


Ficure 8. Raytheon recti- 
fying tube. This tube rectifies 
both sides of the A.C. The 
tube is filled with an inert gas. 
The rectification depends upon 
the “point to plane” prin- 
ciple. 


eliminator used in the Radiola 64. 
395. Aluminum Rectifiers. A very 
simple and efficient rectifier can be 
made in a glass jar with lead and 
aluminum electrodes. Various electro- 
lytes can be used. One of the best and 
cheapest is a dilute solution of ordinary 
baking soda. One of the worst troubles 
is to get pure aluminum for the elec- 
trode. The area of the aluminum sur- 
face exposed to the electrolyte should 
be one square inch for 40 milliamperes 
of current. The potential on each cell 
should not be over 50 volts. For 110 
volts A.C., at least two cells should be 
in series. For complete rectification 
utilizing both sides of the alternating 
current wave, four cells can be used 
and connected as in Figure 10. The 
D.C. current flows into the lead elec- 
trode and out of the aluminum elec- 
trode. By tracing the direction of 
the current it will be seen that each 


“hump” on the A.C. passes through the storage battery in the D.C. 
circuit, in the proper direction to charge the battery. It will be 
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noted that the current in each case flows through two of.the cells 
and the other two block the current from flowing in the negative 
direction. 

For higher voltages more cells are placed in series. The four arms 
of the bridge should be the same. Thus with eight cells full wave 
rectification will be obtained with voltages up to 200 volts. If 
1000 volts is to be rectified, each arm should have 10 cells in 
series, or a total of 40 cells. With 80 cells one should get plate 
supply of about 2000 volts for a UV205, 250 watt tube. The area 
of each aluminum plate should be at least one square inch for one 


HO v 
AC. 


FicureE 10. 


power tube and proportionally increased if more than two tubes 
are used. The smoothing out filter is the same as for any rectifier. 

An aluminum rectifier has the characteristics of a large con- 
denser and as a usual thing it is easier to filter out the ripples when 
using aluminum rectifiers than when other rectifiers are used. 

The rectification is due to a film or coating of oxide on the 
aluminum. The rectifiers must be formed when first used. Large 
resistance is placed in the circuit to cut down the voltage at first. 
This is gradually removed as the film is formed. If a D.C. ammeter 
and an A.C. ammeter are placed in series with the output circuit, 
the D.C. ammeter will at first read nearly zero while the A.C. 
meter will read a rather large current. As the film is formed the 
two meters will tend to read the same. When the film is fully 
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formed the two should read the same, indicating that the recti- 
fication is complete. The resistance should be removed until the 
current is the desired output of the rectifier, 40 milliamperes per 
square inch of aluminum surface. The efficiency of the aluminum 
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Ficure 11. 


rectifier falls off very rapidly with 
temperature increase. The rectifier 
should not be used when warm. 
396. Trickle Chargers. ‘Trickle 
chargers are usually rectifiers of 
some sort which charge the A stor- 
age battery continuously at a very 
slow rate. A continuous, slow charge 
is injurious to storage batteries and 
will ruin the battery in a few 
months. A charger whch charges 
the battery at a comparatively fast 
rate is much better for the battery. 
An automatic switch which will turn 
the charger on when the battery 
is nearly discharged and off when 
fully charged is ideal. Battery 


eliminators tend to be noisy unless a good filter is used. There 
is nothing quieter than the good old fashioned A and B bat- 


teries. 


397. Copper Oxide Rectifiers. The copper oxide rectifier has the 


advantage that it requires no 
filament current and is dry, there 
being no electrolyte to spill or 
creep over. Figure 11 shows a 
diagram of the rectifier. These 
rectifiers can be built for any 
voltage simply by increasing the 
number of plates. They can be 
connected in any of the bridge 
forms so as to rectify both sides 
of the A.C. potential. They are 
used as B and A battery elim- 


Ficure 12. 


inators. They are also used in loud speakers to rectify the mag- 


netizing current, or field current. 
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Figure 12 shows a Kuprox rectifying unit as manufactured by 


the Kodel Electric and 
Manufacturing Company. 
Figure 13 is a Kuprox 
A BC power pack for sup- 
plying electrical energy 
to a modern receiver. 
The tendency seems 
to be to do away with all 
D.C. batteries and gener- 
ators and to use rectifiers 
instead. It is remarkable 
that the plate potential 
on a receiving set, where 


Ficure 13. 


the amplification is very great, can be made so near constant that 
the hum can not be heard. A diagram of almost any receiving 
set, as well as the diagram of a transmitter, will give the diagram 


of a rectifier. 


CHAPTER XXX 


APPLICATIONS OF THE VACUUM TUBE 


398. Long Distance Telephone. One of the first places where the 
three electrode vacuum tube was used was in the long distance 
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Ficure 1. 


Ficure 2, Coupling Condensers used on high potential transmission lines. 
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telephone lines. In 1915 the first long distance telephone call was 
transmitted across the U.S. There is a certain amount of loss in 
signal strength or attenuation on 
the lines and every few hundred 
miles it is necessary to amplify the 
speech in order that the attenuation 
does not place the intensity below 
the line noises. The amplification 
at a repeater station is such that 
the power does not fall below about 
500 microwatts at the distant re- 
ceiving station. The power ampli- 
fication at the repeater station is 
from 4000 up to 10000 microwatts 
depending on the distance and line 
construction between the two points. 
Between New York and San 
Francisco there are twelve repeating 
stations. It is figured that if the 
paere, eee eevee Poe! abut, Om Ficure 3. Showing method of 
the lines at New York so that San connecting coupling condensers 
Francisco could receive with the  hetween power line and carrier 
usual intensity it would take more _ telephone. 
energy than that received by the 
earth from the sun. It is impossible to furnish enough energy 
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Ficure 4. Photographic records of sound may be either of constant width 
and varying density, shown above, or of constant density and varying width, shown 
below. 
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at the starting point to transmit long distances. Wire telephone 
depends upon the tube for long distance work. 


399. Carrier Current Trans- 
mission. Wired Wireless. The 
principle of radio transmission 
has been applied to wire lines. 
The wire instead of the ether 
serves for carrier of the radio 
frequency current or impulses. 
Diagrammatically the system 
may be illustrated by Figure 1 
which represents a power line 
and a short line parallel to it. 

The short line is connected 
to a radio frequency generator. 
The two parallel lines serve as 
the plates of a condenser of 
rather low capacity through 
which the radio current flows 
to the line. At the receiving 
end the receiver is connected 
to the short line and the radio 
frequency current flows from 
the power line to the receiver. 

The intensity of the signal 
need not be very strong at the 
receiver end since it can be 
amplified and detected in the 
same general manner as in 
ordinary radio. The set can be 
tuned and the signal amplified 
exactly as in radio. 

Carrier current transmission 
has been applied to lines and 


Frcure 5. The sound is recorded on the 


film at the left of the pictures. 


cables where the cost of erecting lines is excessive. A single line 
can carry as many messages as there are wave channels which do 
not interfere one with the other. The analogy may be made to the 
ether of space. There should be as many channels on any wire 
system as there are channels in the ether. 


w 
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Power companies use carrier current transmission to communi- 
cate between the power stations. The lines over which they 
communicate may be carrying power at a potential of hundreds 
of thousands of volts at the same time. 

Figure 2 is a picture showing the coupling condensers on a high 
potential line. Figure 3 shows the same thing diagrammatically. 

400. Talkies. Musical or talking moving pictures may be 
divided into two general classes, the synchronized and the 
unsynchronized. The unsynchronized musical pictures are those 
in which the operator selects a phonograph record which will go 
with the picture. 

The operator is provided with a number of records of various 
kinds. The instructions with the film tell him the general class of 
record to select. Only certain types of films can be used in this 
manner. 


CONDENSER 
TRANSMITTER 


Diagrammatic sound recorder. Diagrammatic sound reproducer. 
FIGURE 6. 


The synchronized pictures can be divided into two general 
classes. Those which use records much the same as phonograph 
records with an electrical pick up and an amplifier and those 
where the sound is recorded on the film. The record and the 
film are made at the same time and both are connected together 
so as to run in the same manner as when they were produced. 
The records look much as the regular records. They however run 
at a different speed and in the reverse direction. 

In light recorded films there are two classes. One in which the 
intensity of the light varies making the intensity of the film 
variable and the other in which the light is made to vibrate making 
the developed film look something like a saw with teeth. 
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Figure 7. RCA Photophone sound attachment mounted on a standard com- 
mercial projector. The sound attachment is located directly above the lower takeup 
magazine. 

Notice the arrangement of the three exciter lamps in the rear housing to the 
left of the center section of the attachment. These lamps are employed to furnish 
the illumination for the reproducing process. The three-lamp mounting is an 
exclusive RCA Photophone feature, permitting instant replacement by a pre- 
focused lamp in the event the lamp in use fails. The center section of the attachment 
contains the slit and optical system, and sound gate through which the film travels, 
The section to the right houses the photo-electric cell, 
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Figure 4 is a reproduction of the two film records. Figure 5 is 
an R.C.A. photophone film showing the sound record on the side 


of the film. 

Figure 6 shows a 
diagram of the scheme 
of recording and also 
the projector. 

Figure 7 is a closeup 
of the projector and 
Figure 8 is a battery 
of loud speakers on 
the stage. 

401. Television. In 
radio television the 
carrier wave is modu 
lated by the change of 
intensity of light in a 
photo-electric cell. 

A photo-electric cell 
is a tube which has 
a deposit of sodium, 
potassium, or other 
substance which will 
emit electrons when 
light shines onit. Fig- 
ure 9 shows a photo- 
electric cell: The 
photo sensitive mate- 
rial is deposited on the 
inside of the bulb. A 
portion of this bulb or 


FicurE 8. RCA Photophone uses exclusively 
the moving coil cone loudspeaker shown in this 
illustration. It is an electro-dynamic reproducer 
of highly efficient frequency range and great volume 
capacity. Batteries of these loudspeakers are 
mounted with the picture screen, a bank of loud- 
speakers on each side of the screen. 


window is made free from this deposit so the light can shine in. 
If the central electrode is connected to the positive terminal of 
a battery and the negative is connected to a negative terminal 
which is electrically connected to the photo material, a current will 
flow through the circuit when light enters the cell. The number 
of electrons, and consequently the current, is proportional to the 


intensity of the light. 
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If this cell is connected to an amplifier and then to the modulator 
tube of a transmitting station the modulation of the carrier wave 
will be proportional to the intensity of the light. 

At the receiving end the modulated carrier wave is received the 
same as radio telephone is received except after amplification the 
received signal is made to vary the intensity of a neon lamp instead 
of operating a loud speaker. The neon lamp, Figure 10, is a 

vacuum bulb which is filled with neon 

. gas. This bulb has two terminals and 

(ji glows much like a Geissler tube does 

when a potential is placed on the ter- 
minals. 

When this is connected to the ampli- 
fier the potential of the terminals varies 
with the received current causing the 
light intensity to change in the same 
manner. In this manner a varying 
light at the transmitter caused a vary- 
ing intensity of a lamp at the receiving 
station. A flickering lamp, however, 
which flickers very fast seems to glow 
steadily. Some thing else must be 
introduced between the two lamps. 

The receiver and transmitter are 
provided each with a scanning disc. 
Figure 11. The scanning disc is a disc 

Ficure 9. Photoelectric cells of metal which has a number of holes 
are uscd mo televisions and. in (50) fo)48) dulled anabatequallanculan 
Photophone. ; : 

distances so as to form a spiral. The 
holes are of such size that when the disc is rotated the area swept 
out by the first hole just touches the area swept out by the next 
hole. In this manner the areas swept out by the various holes cover 
a circular band an inch or so wide. Figure 12 is a schematic diagram 
of the sender and receiver. 

The light from an intense lamp falls on the face of the subject 
through a hole in the scanning disc. As this disc is rotated light 
through the top hole sweeps across the top of the head then light 
from the second sweeps across the head a little lower down and 
as the disc makes one rotation the entire face is successively covered 
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with light, or the face is canned. The 
disc is rotated twenty or more times 
per second so the face is scanned sev- 
eral times per second. 

The reflected light from the face is 
caught by the photo-electric cell. Thus 
the current in the photo-electric cell 
depends upon the reflecting power of 
the face which varies from place to 
place on the face. 

The light given off by the neon lamp 
at the receiver varies in the same 
manner as the light caught by the cell. 
A second disc is placed in front of the 
lamp. This disc is in exact synchronism 
with the first disc. The first hole passes 
past the lamp at exactly the same in- 
stant the first hole in the transmitted 
disc passes over the face. Thus the , 0. 49. The fetneron ee 
light from the lamp that passes through — jeon lamp varies with potential 
this first hole varies in intensity in the on the lamp. 
same manner as the light caught from the face by the cell. The 
lamp is bright when the light passes a white portion of the face 
and is dark when the light shines on a dark portion. Since the 
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Ficure 11. Scanning discs. The two discs must run synchronously. 


two discs are exactly in synchronism due to persistence of vision, 
one sees the image of the face. 
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Figure 13 shows a setup for transmitting a bright object such 
as a filament of a lamp. To transmit a face as in Figure 10 one 
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Transmitting apparatus for television as arranged for its first dem- 
onstration, A pril7, 1927, in the auditorium of the Bell Laboratories 
Ficure 12. 


needs a very intense source of light and a number of large photo- 
electric cells. Figure 14 shows the last stage of a receiver. 


FicureE 13. 


Any sort of a receiver will do which will work on the short wave 
on which the picture is transmitted. The amplification must be 
enough to work a loud speaker. 


THE FUNDAMENTALS OF RADIO 369 


One of the hardest things to do is to keep the receiving motor in 
synchronism with the transmitting motor. If all power stations 
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Ficure 14. 


were connected together so as to run at the same exact frequency 
then synchronous motors would be ideal. 
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A 
Aerial, 184, 197 
Alexanderson’s Alternator, 252 
Alternating current, 37 
Alternator, high frequency, 252 
Ammeter, 11 
Ammeter, radio, 200 
Amplification, audio, 313 
Amplification, constant, 106 
Amplification, current, 130 
Amplification, power, 131 
Amplifier, 318, 329 
Amplifier, direct current, 129 
Amplifier, tube, 127 
Amplifier, push-pull, 330 
Amplifier, theory, 127 
Amplifier radio frequency, 299 
Antenna, 185 
Antenna, natural wave length, 187 
Antenna, Radiation from, 176 
Antenna resistance, 193 
Antenna, short wave, 262 
Antenna “wave,” 192 
Antennae, ground, 194 
Antennae, types of, 185 
Antennae, Multiple tuned, 188, 191 
Apparatus, radio frequency, 199 
Arc, Poulsen, 249 
Attenuation, 292. 
Attenuator, 334 


B 
Balanced circuits, 332 
Base, tube, 96 

Battery, 19 

Battery, storage, 23 
Beverage wire, 190 
Broadcast stations, 289. 
Broadcast receivers, 297 


€ 
Constants, tube, 105 

Capacity, 58 

Capacity of condenser, 79 
Capacity of a sphere, 59 
Capacity, unit of, 62 
Characteristic, filament, 99 
Characteristic, grid, 102 
Characteristic, mutual, 96, 101 
Characteristics, measurement, 102 
Cells, 20 

Chain circuits, 291 

Chopper, 90 


Coil antenna, 196 

(Coils, 72, 75 

Coils, edgewise wound, 75 
Condenser, 63 

Condenser, capacity of, 59, 60 
Conductance, mutual, 106 
Counterpoise, 195 

Coupled circuits, 148 
Coupled pendulums, 243 
Coupling, capacity, 147 
Coupling, coefficient, 154 
Coupling, various kinds, 146, 159 
Crystal detectors, 85 

Crystal control, 268, 280 


D 
Damped wave, 80 
Decibel, 336 
Decrement, 231 
Dellinger’s equations, 177 
Detecting efficiency, 124 
Detector, tube, 84, 89 
Detector, power, 125 
Direction finder, 197 
Distortion, percent of, 325 
Dynamic speaker, 343 


E 
Efficiency of tube oscillator, 141 
Electricity, units of, 1 
Electromagnetic wave, 169 
lectromotive force, 7 
Electron, 3 
Eliminator, B battery, 355 


F 
Fading, 168 
Feed back, capacity, 144 
Field, electric, 171 
Field, magnetic, 11 
Field, due to current, 13 
Field, induction, 170 
Field, radiation, 171, 181 
Filters, 337, 353 
Fleming valve, 97 
Fleming’s Cymometer, 212 
Frequency meter, 56 


G 
Galvanometer, 10 
Generator, 16 
Generator, tube, 133 
Ground resistance, 194 
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H 
Harmonic transmission, 188 
Harp antenna, 185 
Heaviside layer, 166, 261 
Hertzian Aerial, 185 
Heterodyne, 120, 123, 303 
Hornes, 342 


I 
Impedance, 38 
Impedance amplification, 317 
Impedance, matching, 339 
Inductance, 38 
Induction coil, 77 
Induction, field, 171 


K 
Kenotron, 345 


Ib 
Leyden jar, 63 
Lines of force, 6 
Litzendraht wire, 223 
Load, balanced, 332 
Load, impedance, i130 
Load, resistance, 127 
Loud speakers, 340, 365 


M 
Master oscillator, 257 
Magnet, 3 
Magnetic circuit, 40 
Magnetic field, 4 
Marconi aerial, 187 
Modulated wave, 283 
Modulation, 273, 281 
Modulation, Heising, 278 
Modulation, per cent, 287 
Modulator, magnetic, 254, 326 
Modulator, balanced, 283, 285 
Motor, 37 
“Motor boating,’ 316 
Mutual inductance, 72 


N 
Neutrodyne, 301 
Neon lamp, 367 


O 
Ohms law, 8 
Oscillating tube, 136 
Oscillating tube circuits, 142 
Output of a tube, 323 
Output, distortionless, 323 
Output, measurement, 320 


IP 
Parallel resonance, 45 
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Pendulum, 53 
Permeability, 13 

Phase angle, 37 
Photo-electric cell, 366 
Photophone, 364 
Piezo-electric crystal, 268 
Potential difference, 4 
Poulsen arc, 250 

Power amplification, 109 
Power factor, 46 
Push-pull amplifier, 323 


Q 


Quenched gap, 245 


R 
Radiation, 169 
Radiation field, 171 
Radiation from antenna, 172 
Radiation from coil, 173 
Reactance, 150 
Reactivation, 104 
Receivers, 294 
Receivers, short wave, 306 
Rectifiers, 352 
Rectifier, copper oxide, 358 
Rectifying tubes, 354 
Reflex amplification, 305 
Resistance, 31, 33 
Resistance, measurement of, 224 
Resistance, negative, 236, 248 
Resistance of antenna, 193 
Resistance of coils, 226 
Resistance of condensers, 227 
Radiation, 210, 220 
Resonance, 44, 51, 136 
Resonance curve, 157 
Response curves, 345, 347 


S 
Scanning disc, 367 
Screen grid tube, 145 
Side bands, 282 
Side band, trans-Atlantic telephone 
Skin effect, 221 
Solenoid, inductance, 71 
Sound measurements, 348 
Sound, recording, 362 
Space charge, 95 
Spark transmitter, 81, 238 
Straight line condenser, 66 
Superheterodyne, 310 


aE 
“Talkies,” 363 
Telephone, long distance, 360 
Telephone receiver, 208 
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Telephone, radio, 87, 91, 273 
Television, 366 
Thermocouple, 203 
Transformer, 47, 77 
Transformer, audio, 317 
Transformer, oscillation, 241 
Transmitting tube, 255, 266 
Tube, amplifying, 326 
Tube, coupling, 158 

Tube, three electrode, 92 
Tube, detector, 112, 117 
Tube, oscillating, 135 

Tube, resistance, 107 
Tuning, 52 


U 


Ultra sonic vibrations, 271 


INDEX 


Umbrella aerial, 185 
Units, 1 


V 
Voltmeter, vacuum tube, 204 
Volume control, 309 


W 
Wattmeter circuit, 54, 83 
Wave, C.W., M.C.W., 79 
Wave length, 55 
Wave-meter, 82, 211 
Wave motion, 160 
Waves, refraction, 261 
Wheatstone bridge, 30 
Wired wireless, 362 
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